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Inj Amiya E. Kah, X. Kauku.n and 11. 1». J)as.+ (', nlral Dnaj Ht sutrrh /nntitulr. 

L uckuoir 

(Coiiiiiiiinicated hy B. Mukcrji, F.NT.I.) 

AiKjHst 7; read Ovtoln r /;. lUfiS) 

A ns'riiAc’i' 

A(it'toial(H‘toiii\ (‘;iuso«I <m i nci<‘iis«'( I | >rtil i fora I ion of lil anhla.'^l .-i in iln ickIc of 
lr<'alo(l lots Ihi 1 tfio rai<' of lorinotion of colls was no, alti'rod. 

l''ol lox^iriLT ndronalrotoiny llioro was mass <lopf»sif Ion of lihions tissue in the inlerslitial 
space: and an inenasem allvaliiK* phosplmt aso act i\ it \ in (he <‘ellu!ai »|<-lui.s eont.iine<l in i he 
ne<T<)se(j t ul)ules of (M(’l, injeeloii ?-a(s. 

\dienaleet oni V’ was paflialls' eon<hi<i\e (o (Ix' nioi plioL’oia'l ie n-f ov et v ol the mtir- 
sritinin fioni t lie adx effoet . of ( Mt *1 .. 'I'lie resuinpl ion of eialoeriiie act i\ it ies. on the other 

hand, w jvs not influenoi-d liy iIh' opeiati\<* proeedur*'. 

l>esidos eoLisino ^ni inereaso In alUalino plioaplia i a.s< * aetn ii y in ihi* e«*lhilar dehns. 
ad renah'etoiny had no eljeei on the lusaosed seminiferous tuhnies. 


1 N I'KODI (t'I’fON 

(lOriT) !('[)( )i l(M I tha.t (M salts natist'd aciiti' (l<*sli'ii(*l ion of lh(' 
a.nd ini (‘I’stit ia 1 (‘Itnnonis oT tiu' testis in rats. Mild n<M*,r()ti(‘ (‘.luinecs a-ppeared 
vv'itliin lif'sl d honts attca' tlie injiaddon of (Vl(/I,> and 4S hours lad(‘r t!i(‘ sornini- 
ferous ej •itln'liii in was totally destroyed. In the interstitial lissiu? there \v(‘r(^ 
foeal haemorrliao'es. \a.s( ular thromboses and a. moditaim of inliammatory refiittion. 
!fow(‘\'er. after 10 days tin' (mtir(‘ oruan was repliiced b\' masst's of (‘osinophlb ■ 
de])ris contain in^; sea-t t(d‘('d r(‘sidut‘ of liasopliilit;. ehroma-tin materitil. It was 
iiiten'stinti: tlnit finriim th<‘ sidisetpuait days, wltile tin* (central port ion ol‘ th(^ tt'stis 
remained necfotitA th<‘r(‘ was jiroliftM’ation of librolilasts and blood v<\ss<tls in 
peripheral reeions iindermuitli th(‘ tnniea. albnyp‘m‘a-. FsUds ol' lawdi;^^ itdls w<‘re 
also seen in th('S(> a.rixis a>nd this was I'ollowed by a. yradnal reinrn ol tln‘ (mdoea’ine 
aeti\ iti(‘s of the testis. rnitiaily, th(‘ mad'otie ehannes mdnetal by ( 'd (wokial castra- 
tion ])lieiiomt‘int but th(‘ at]*o])hie(l aee(\ssoi\v si*yna-l oryaiis rr‘taine<l their infi’insiit 
aJ)ility to r<‘atd to androt»:(‘nie, stimulation. Kai rt at. (lOdO) notcMl tha-1 ('d(d^> 
eomprf)mised the stimiilatoi'V action of test ost<M'oiu‘ jnofiionatr*. on th(^ aeaa'ssorv 
genital organs of castrated rats : a. diiaa-t aedion of ^'d on these organs w'as also 
recorded in such animals. 

Idle presidit iiiv'cstigation was desi;.(iied to study th(‘ (dirad ol adi'cnahadarmy 
on the rat(' of ra'^eiierat ion of intrastatial elements ol tin" tt^stis in (^d(d.> (rraitrai 
rats. As tlu' ehnaieor tieoids were' knowrr to ha\ i* an inhibitory efftad on t in* proli- 
feration of fibroblasts (Xoble, HmA). it was (divisaeiai that the icmo\al of adrena-ls 
at an ajrpropriatr^ tiim' mi^ht provide' a tilliji to the r*(^^(m(‘ration oi th(‘ intcd’sti- 
tinm by //rr/s.v jiroJifeiation of tlu'sr* (‘hanents. riio latter ])i’ 0 (;ess in its turn mi^dif 
b(^ (^xpectral to lead to tlu^ formation of Leydie ecdls in (a>mrnensui‘at<dy larger 
numbers, as it was sat isfmdorily establislual that tlie fibi-obJasts wei-e the f>recursors 
of Lcydig (?eJJs ((drarney el (//., Ilh)2 ; Sniften, 1952 : Fawatett and Burgos, l9ot)). 

♦ 1. 0. M. K. licccareh J‘Vll(3w. 
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Experimental, Procedure 

Adult albinr) rats of the Institute Colony were used in this investigation. 
Details of grouping of the aniiuals and their body weights are indicated in Tabic? 
I. All the animals were maintained under uniform laboratory conditions through- 
out the experimental pc^riod. 

CdCl^ was administered In' the subcutaneous route (0.04 m. mol. CdCb/kg. 
body weight at the interseapular region, single injection). Adrenalectomy was 
performed 8 days after CdCU trc'atment in order to ensure the removal of circulating 
eorticoids a little before the commencement of rc?generative processes in the inter- 
stitium. It may V)e rcjcalled that the prolif(?ration of interstitial elements started 
10 days after the administration of CdCl.j (Parizek, 1957). A grouj) of normal 
animals was also adrenalectomized and all tlie operated animals together with 
the normal controls, \\er(‘ maintained on 0.9 per cnuit ph^^siological saline solution. 

The animals (iricluding normal and untr(»ated adrenalectomized) wcTe sacri- 
ficed on the 90th day after the? administration of CdCU. The testis, seminal vesicles 
(»SV) and the ventral prostate^ (VP) w(?re carefully diss(?cted out and weighed to 
the? nearest mg. For histologic al studic?s the Wstis were fixed in alcoholic Bonin's 
fluid and serial ])arafiin sec?ti(jns were stained with Ehrlich’s lieniatoxylin followed 
by eosin. vScctions from the same s(‘ri<‘s wcvv stainc^d with Mallory’s trichrome 
stain for the (h?monstration of fibrous (M)nnectiv<‘ tissue. Alkaline phosphatase 
activity was studied in paraflin sections of the tc^stis fixed in a (?hilled absolute 
(‘thanol-acetic acid mixture (Wolman acid Bc?har, 1952), by the technicpie of 
Gomori (1941) as laid down by Glick (1949). The? sections were inembated in the 
substrate for IS hours and w(‘re mounted without counterstaining. Total choles- 
terol content of tlie t(?stis was estimated (?ojorim(‘trically by the modification 
(Karkun and Das, a /f puh/idltf d) of a m(?thod by Zlatkis cf al. (1959). 

Resflts 

I'estis. It will be evid(?nf from Tabh‘ 1 that adrcmalectomy caused a signi- 
ficant decrease in absolute weight of tlu‘ f(\stis (P • .901) but tlie relative weight 
remaini'd virtually unaltered. It was to be* noti‘d thal th(‘ body ueiglii gain was 
considerably impeded in the operat(‘d animals (as ctompanal to tlie (controls) and 
tins was f)robably responsible for su(?h apparcad loss in absolute weight of tin? 
testis. rdCl 2 treatment, on the other hand, evoked a significant reduction in abso- 
lute and relati\’e weights of the organ (P .001). jlowever, adrenalectomy in 
GdCl .2 injected animals tendc'd to c‘levat(‘ the testis weight (absolute and relative) 
so that the difference from that of tlie intact CdCd^ treated group was statistic?aIJy 
significant (P - .05). The i-elative testis weight of the CdOG injected adrenalecto- 

mized animals did not reveal a statistically significant increase as compar(?d to 
the grou]) (intact) treated with CdGI^- Nevertheless, it was interesting that the 
testis weight (absolute and relati\ e) of the operated plus CdClo injected group was 
significantly lower than that of the noriiial or adrenalectomized controls (P .001). 

Histologically, the testis of the normal controls showed full spermatogeneses ; 
the tubules exhibited vigorous activity with successive? stages of transformation 
of the seminiferous epithelium into jnattire s])ermatozoa. The latter were present 
in large numbers and their disposition was typical (Fig. 1). There were numerous 
Leydig cells in the interstitium and the vascularity of the entire organ was normal. 

In Mallory preparations the thin basement meitibrane of the tubules stain(?d 
blue (Fig. la). The other elements which showed similar tinctorial reaction were 
the tunica albuginea and the seix)sa of the interstitial blood vessels. 

Adrenalectomy was without any effect on spermatogenesis (Fig. 2). In general, 
the lioydig cells appeared normal with no obvious symptoms of atrophy. How- 
ever, in some locations atrophic Leydig cells with Ipycnotic nuclei wx're encountered. 



Testis u) eighty testis cholesterol and weight of the accessories of adrenalectomizcd CdCl . treated mts. 
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NoverthelesH, cojisidering thc^ p>*epDncleranoc of normal cells such atio])Iiic ones 
formed only/i fraction of the total Leydig cell population. 

fn sections stained with Mallory’s the histological features of the testis of 
adrenalectoiuizf'd animals were similar to those of the normal controls. The thin 
baseTiuMit membrane of the tubules, the serosa of tlu' interstitial blood \ essels and 
the tunica albuginea were the only eleimmts which stained blue (Fig. 2a). 

(^fK'lg treatment caused complete destriK.tion of the seminiterous tubules. 
The epithelial c^lenuuits were totally necrosed and the tubular lumen was filled witli 
an eosinophilic debris containing scattered residue of basophilic chromatin material 
(Fig. ‘1). Proliferation of fibroblast was (tlearly seen under the tiinic^a albuginea 
ami the defjosition of p(Titu})ular fibrous tissue was alsf) not uncommon. Fn some 
necrosed tubul(*s the fibroblasts vvcu inv^aded the (‘osiriojdiilic debris. There was 
proliferation of bloo<l vc^ssels under th<^ tiini<ai albuginea and clumps of Loydig 
c(^lls wvro also seen in this area. Fn (contrast to the morc^ ct^niral portions of the 
t(\stis, the ])eripheral areas (*ontaim‘d more fibrol)lasts and greater amounts of 
peritubular h})rous tissue (Fig. d). Such histologiiuil dilfenuice between the twa) 
anuis was mon? prominent in Mallory preparations (Fig. 3a). Ft was also note- 
worthy that the tunica albuginea was (j(>nsideral)ly tbickenefl and stained a deep 
blue with Mfil lory’s. 

Fn CdClg treated adrenalectomizod animals the lU'c.rosis of th(^ tubules per- 
sisted throughout the testis. Ffowever, in nio.st of tiie animals Ui(‘re were more 
fibroblasts and greater amounts of fibrous tissue than in the unopcrated grou]) 
injected with OdCIo. could be gauged from the fact that the fibroblasts in- 

vaded even the central portions of the testis and the amount of fibrous tissue was 
almost ecjual throughout the organ (I^^ig. 4). It may bo recalled that in the intact 
OdClg treated grouj) the fibroblastic ])roliferation and deposition of fibrous tissue 
wore virtually (jonfined to the peripheral areas underneath the tunicta albiigniea. 
Ft was also interesting that in the latter group the disposition of fibroiis tissue w^as 
predominentally peritubular whereas, in the adrenalectomizod animals (given 
OdClj,) this tissue was seen in varying amounts thoughout the interstitial spacje 
witli characteristic peritubular concentration, particularly uiideriioath the tunica 
albuginea (Fig. 4). Leydig cells were present mostly in the ])eri[)heral areas but 
their uu ruber did not increase after adrenah^ctorny. V^ascular proliferation was 
also seen in these areas. Mallory preparations demonstrated this equal distri- 
bution of fibroblasts and fibrous tis.sue in the tw^o regions (central and peripheral) 
of the testis oven more clearly ( Fig. 4a). Further, the (diar'acteristic blue staining 
reaction confirmed the presence of lihrons tissue throughout the interstitial space. 

In agreement with the findings of Dempsey at al. (1949) and Kar et aL (1950) 
it was seen that in the control animals the basement membrane of tli(^ tubules and 
the spermatogonia showed intense pliosphatase activity (Fig. 5). The other ele- 
ments of the seminiferous epitlielium contained only moderate amounts of the 
enzyme. The Leydig cells and the endothelium of the interstitial vessels were 
strongly reactive. 

Adrenalectomy caused an overall reduction in alkaline phosphatase activity 
in the testis. The seminiferous epithelium was virtually devoid of enzyme acti- 
vity except in the nucleus of the spermatogonia (Fig. 6). The Leydig cells and the 
endothelium of the interstitial vessels contained very little alkaline phosphatase 
activity. 

Testicular phospliatase activity was markedly inliibited after CdCU treatment. 
However, some of the necrosed tubules underneath the tunica albuginea retained 
considerable amounts of the enzyme ; the cellular debris in these tubules was the 
specific reactive material (Fig. 7). The centrally located tubules werp negative 
for alkaline phosphatase activity except a few which showed only a faint reaction 
in the cellular debris. Other elements of the testis were invariably devoid of en- 
zyme activity. 
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Ihe pattern ol distribution ol alkaline phosphatase in the testis of (MCl^ 
treaty adrenalectomized animals was the same as in the intaet group injected 
with CdCIo. I hus the enzynu' activity was (‘uidiiu'd to the debris of the uecroseil 
tubules albeit in in ore intenst* manner than in tlie previous group (Fig. 8). Further. 
phoKsphatase activity was seen in gr(\ater number of tubules both in tlie central 
and jieripheral areas. Otlier elements of the testis, however’, (continued to give 
negativ^e reactions for enzyme acti\ ity. 

Adreaalectoin}’ did not evoke any ehangc* in total elioU'stm'ol content of tho 
testis (Table I), ffowever, (\lOlo treatment (intact or adrenalectomized animals) 
caused a significant rediudion in iestuadar cholesterol (oncentration as (iompared 
to either normal or tidrmialec.tomized (‘ontrols (P • It was to lie noted 

that there was no significant diffm'mici^ l)otween the two treated groups as 

regards any aberration in cholesterol content of the tc^stis. 

Svrnnuil yv.sTr/c.v. Adrenalectomy caused a signitu^ant r*edmdion in absolute 
and relative weiglits (d the SV (P : .t)2). tri^atnuml (adnmalectomized 

or intact animals) was assoiuated with a more drastic nMluction in \vt‘ight (absolute 
and relative*) of this organ as (ornparad to (uther normal or adr(*nale(domjzod 
controls (P v .f)OJ). The H\^ weight (absolute and relatives) of the two (kUM,, 
treated groups did not differ significantly (Talrle I) 

l^rniral. proslafp. 'I'lu'; absolute weight of the was signilicanily lowered 

after adrenalectomy (P .01) ; but the lolativi* wiught of tlu^ oi’gan did not reveal 
a statistically significant diffe‘ren<;(^ inspite ol‘ the fae-l that it was ap])reiriably less 
than tliat of the normal (controls. (kl(1o treatrm'rrt (normal and adrerrahudomizod 
animals) w^as responsible for a significant docr’ease in VP weught (absolute and rela- 
tive) as compared to either normal or adrenalectomized (H)ntrols (I* ^ ; .001). 1'ho 
two CdCl^ treated grou])s did not differ significantly with respect to their Vl^ 
weights (Table T). 


l)[S(UTSsr()N 

Tlie data ])resenierl in this report indicated that adrenalectomy did infiuem^c^ 
certain niorpliogenetic events in the inlcrstitium during its re(H>v<iry from the adver se 
effects of CMOb. On the other hand, thi^ seminiferous tubules wer<> irrevorsibiy 
destroyed and adrenalectomy fiiiled to exert any recujicrative effect on the defunct 
opi 1 1 1 el i a I re mi i an t s . 

l^arizek (1957) noted that during progressive necjrosis of the testis after ad- 
ministration of 0 dCl 2 , a stage was reached when ihe gametogenic and the inter- 
stitial portions of tho testis appeared to be eipially affooted. But subsequently 
while the spermatogenic eicmeats continued to persist merely as a moras.s of dead 
tissue, focal regenerative changes commenced in the intersLitium. There was no 
doubt that these changes heralded both morphogenetie and funetional recovery of 
the interstitium ; as clumps of active Leydig (;ells, jiresumably formed from th<5 
proliferated fibroblasts were consistently encoimterod. It was precisely this process 
of fibroblastic proliferation wdiicli lent itself to ex 7 )orim(mtal modification for a 
prompt and more complete rcsum|)tion of endocrine activities of ihe interstitium. 
However, the reason why such modification was attemjjted Hj)e(ufically through 
the adrenocortical pathway was already indicated (?ncle .supra). 

Notw ithstanding such provocative syllogism, the removal of adrenals did not 
prove conducive to a more complete functional recovery of the interstitium. There 
Avas no doubt that ihe fibroblasts were proliferated in larger numbers than in the 
unoperated CdCl2 treated animals but the Leydig cell population failed to show 
the expected increase, at least during the experimental period employerl in this 
study. Further, the weight of the accessories in the two CdC^ treated groups 
(intact anfl adrenalectomized) was virtually similar which indicated that adre- 
nalectomy did not improve the endocrine status of the regenerating interstitium 
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through an enlianced ratc^ of formation of Leydig ceils from tlieir precursors. The 
similar cholosterol concentration of t}u‘ t<*stis in the two OdCfj treated groups also 
pointed towards such a conclusion. 

Changes in alkaline phosphatase activity after (VU/h treatment merited a 
comment. It was noteworthy that the enzynie activity was markcMily reduced 
in the testis aftCT adrenalectomy. However, the administration of CdCU was also 
associated w ith a similar overall deerease in }>ho.sphatase activity although the dead 
(jellular debris in sonu^ necrosed tubules gave positive^ reactions foi- the enzyme. 
Curiously, adnmalectomy ac.-celerated phos})hatase activity in the cellular debris 
of Hu< h tubules. Whether the ])ositive histocluMtiical reaction in the (cellular debris 
of defumd tubules was indicative of a true rtiobilization of the enzyme could not 
be determined from tlu^ pi’esent data. 
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EXPbANATTON OF PI.ATK T 

(All (igut'cs are ])lun omicrograpbs. P^igures I, la, 2, 2a. 5 and 0 are magnifl<‘d 130) 

P4g. 1. Ti'stis of a normal rat. H and K. 

Fig. la. 'Pestis ’of a rior-mal rat. Mallory's triclirome stain. The thin basement membrane 
of the tubules stains blue. 

P'ig. 2. Testis of an adrenalectomized rat. H and F. Full spormat ogenesis as in the controls. 
Compare with fig. 1. 

Fig. 2a. Testis of an adrenalect ornizetl I'at. Mallory’s trichrome stain. Features similar as 
in fig. la. 

P'ig. 3. Testis of a CdClj treated rat. il. and PI. The tubules are totally necrosed and contain 
a dead colhilar debris. Note proliferation of fibroblasts (small black dots) under the 
tunica albuginea and peritubular deposition of fibrous tissue. Tho fibrol)lasts and 
fibrous tissue are more at the periphery (upper left of the fig.) than in tho central 
portions of the testis (lower loft and lower right of the fig.). 

Fig. 3a. Testis of a CdOlo treated rat. Mallory’s trichrome stain. Note the distribution of 
fibroblasts and fibrous tissue. Tho timica albuginea is greatly thickened. 
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Explanation of Plaie TT 

(KiguroH 3, 3a, 4, 4a, 7 and S arc’i iiiagniliad SO), 

Fig. 4. Tostis of a CdFl j t i“<nilod Hdroiuil(‘a(oiniz(Ml .11 and K. Noio jnuHH ])rolifoi‘nt ion 
of Uhroblasts (blucdv dots) and doposition of* fibr*oiis 1 issiK* 1 lirougliont tia* iTitorstil-ial 
M))aco with ('hai'actoristic poritubular roia*onl lai ion. (V)inparo with tig. 3. 

1^'ig. 4a. Tosiis of a (.'dCl. t.i’t^itod adronalo(‘tomi/.od rat. ^lallory's Iricln’onH^ stain. Nott^ tho 
doposition of til)r(jus tissiu'. (/oniparo witli tig. 3a. 

fdg. d. Tostis of a Jioorial rat. (doniori to(4ini(|iio. Nolo pliospliatasn aotivity in tho baso- 
inont mombra?io aiivl sporrnatogonia.. 4’ho Loy<lig o<‘ils aro also liiglily roactivcs 

Fig. (>. Tostis of an adrtaiaIo(4 otnizod rat. Noto ovorall ii'dinttion of ('nzyino ac.ti\dly. 

Fig. 7. Tost is of a (JdFlj t roatod rat . (Joinori tooluiicjuo. 4dio collnlar dol>riK in somo tnbulos 
shows j 3 hos()]iai s(^ aotivdty. 

Fig. S. Tostis of a (.VlCl;. tr^^ated adroJial<Md<jini'/<Ml rai. (hjmori t«H'hni«pio. Noto intonso 
phosphalavso arrtivity in tho collulaj- dobris of t ho, t,ii))ulos. Cornpaio with fig. 7. 



ON THE ANI’IBIOTIO VllOPELlTIE^ OF SOME CONSTITUENTS OF 

MKSfJA EKIlliEA LfXX. 


/>// !>, P. ('iiAKitAiioirry,* M. Pi kka vasiha (uu! P. K. Bose, F.X.I.. 

I >r jKi rf NK nt of ( 'h( tn is! rjf , Host (\tJrutlo 

(W rjon d S<. piv ndK r -7; read Di a mh< i' -7, IUr]S) 

Aiis'i Pv \i ' \' 


Tho iintibiotir, jiM tiv'ity nu'^Jiol, iiuvsiionr. aixl kfiiic) iiiMl shi'll oils ot Mcsnn Jt-rnn 
soimIh have boon studioil. ()( llioso, iihv-juoI and iiioHinmr ))fM'n iound to be iaiily anfi- 

ba<d-oi*itiI. Ma.-iiiol is abiail ! per crnl. .is actix’o jis pi'inicillin .ipainst S. ftnrnf-s. Noiu' ol tJu 
ron.Ht it uiaitH hn\ (* Ix'rn f'niirni to bn jH-ti\n ai^ainsl any of I fa* f’nn;/i tnstod. 

f^orm Liiui. is a ol t ropic^al Asia and belongs to the family CJaf/i 

ftrar. Various parts of iIk* j)la.i\t are iisefi medicinally in India, Pakistan, Indo' 

china and Malaya*. 'I'h<‘ tlo\vt*rs art^ said to b(* astringent, stomaeliie. exjtcctoriini 
and iisefnl in bltM'ding pil(\s, tlx* flower buds arc usetl in dys(‘ntery. The unrioo 
fruits arc arottititic^ and sudorihe. bark is said to luive similar [)rop(‘rti<*s. 

Leaves and (lowers are used in (lu* tr(*atnK‘nt of snak(*-bile and scmrpion-sting 

((/hopra, Nayar and (dioftra, Idoti). Tlx^ oil is used in soaj)making, and modiidnally 
as an embrocation in rhoumaiistn and in the treatment of itch (Kirtikar and Basn . 

Hm). 

'^rhe oil of tlu^ seed-kernel has Iteen iuvestigat(‘(] by Boorsma (1904), iioo]>i r 
(1908), Orimme (1910), Dhingra and Hilditch (1991), and Chatttujei^. and 0u]>la 
(1997). 'fhe pix'sence of an essential oil and two bitter substances lias Ixaui k - 
ported in the Howcas (Boorsma, 1904). 

The S(Hxl was toiuid to contain a pale yellow laetoix', C 23 ir 22 U 5 , <‘all(xl mesuol, 
to the ('iXtent of 1 pm* cent (l)utt, f)eJ) and Bos(‘, 1940). Recimt investigations ha\ (* 
shown that anollu'r constituent, called mixsuomv bi.p. 19() , is also ])resent 

in the sc'od k«unel to the exient of O.Ol per cent. 44ie structures of t}u‘So compounds 
liavc not ])e(Ui d<4itutely established although from the data, at our* dis]>{>sal theix* 
is little^ doubt that, mesuol is a f-phonylcoumai’in of a complex nature. 

The shell oil iias also been inv(\stigated by <^)ne of us (l).P.C.) and has Ixen 
found to contain a phenolii^ fraidion (unj>id)lished data). 

TIu? antibacUu’ial and antifungal ])roperties of some natural (tourtfarins observed 
by different investigators liave recently been summarised by Bose (1958). Of tin* 
seventeen natural ('oumariiis tested against the fungi, (^uroularia lunaia and 
Aspergillus aiger psoi*alene, seselin, luvangetin and xanthyletin have been 
found to have ])r’onouneod action against (\ lunata (Chalcraborty, 13as Oupta 
and Bose, 1957). Calophyllolide, a 4-phenyIeouniarin dei-ivative isolated from 
(hilophijlluiu luoj)hyllu}u Linn. (Fam. (ruftiferae), has becui found to have tuber 
eulostatic aedivity (Ormancey- Potier, Euzas and Lederer, 1951). Novobiocin 
(Kaezka et al.^ 1956 and Frost r) at., 1955-56), a derivative of 9-amino-4 : 7-dihydroxy 
-8-methyl coumarin has been r*(^})orted to be highly antibacterial. It is almosf 
as active as penicillin against Staphylococcus sp. and is also effective against liacteria 
resistant to otlier antibiotics. 

In course of a study of biochemical behaviour of natural eoumarins, it apj)eare<l 
to us of interest to study the action of some constituents of M. ferrea on a few test 
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organisms of both lungal and bacterial origin. The results are presented here. 
The micro-organisms selected were Micrococcus pyogeus var. aureus (SUtphij' 
loroccus aureus). Bacillus friedlanderi , Escherichia coli. KhcriheUa iyphosa, Vihrat 
rholerae, M yenharteri u?u jthlei^ (Utrvularia luuata, Aspergillus utger, liehu inthos- 
porium sativinu , Alicruaria soUiui, and on each of these the elTects of incsuol, mesuone, 
and the k(^rnel and shell oils of M . ferrea seeds ^\e^o studied. 'I'h(‘ lirst two subs 
tances were used in concentrations which varied from : 1000 to \\ ; 0)0000. 'I’lu' 
oils were used without dilution. 

The assay was carried out by the agar-cup method. Xone of the four consti- 
tuents of AI. ferreu was found to have any action oi^ the test fungi. Oonseipientlv 
no data relating to these fungi have been ])res<‘n[t(5d. 

The kernel oil showed a slight activity against S. aur'eus, Imt the slu'll oil showed 
no activity against any of the bacteria selecte<I for test. Mesuol and nu'suone 
had some activity against the bacteria. The activities of mes\iol and mesuone wore 
also compared with th<at of '‘Peni<*illin in" ((JIaxo Laborato^i(^s) of j)otency I dot) 
units per mg. against S. aureus and with that of diliy<lrostref)tomy(un sulphati^ 
(American Oyanamid Co.) against 71/. phlei. A.ssay was als(^ carried out in pnisence 
of normal horse sennn. The data hawe beem ]>resen(,ed in Table T. 


Experimental 

Assay of antibacterial activity : — This was (tarried out by the agar-caij) method. 
Tli(^ test- bacbu'ia N. aureus, E. roli, K. tjfphosa^ V . eholerae, B. friedlanderi , Ai . phlei 
were grown in nutrient broth, incubated a.t *17 A- for 2 hours. Loopluls ol thesis wert^ 
transteiTod to nutriimt broth tube again and incubated lor 2 Imurs. I he 
(0.1 c.c.) culture was then diluted lt)0 tinu^s with sterile distilled wabu* and this 
bacterial suspension was finally us(hI as inoculum. C)ne (‘.(c ol this inoculum was 
thoroughly mixed with 2o c.(c' of nutrient agar metlium, ])reviously melted and 
cooled "to *45-40-0. The inoculated medium wais poured into sterile P<4ri dish(>s 

(diameter 9 cm.). . , 

Assaif of antifungal properties: — 44iis was also done hy the agar-eu]) ineyioo. 
Conidial suspensions of the test organisms A. uige.r^ (\ Imutia , A. solani and //. 
sativum were used as inocada. A loopful of conidia- from a <S-day slant (-ul lure, 
im>w n on Czapek-Dox agar (0T)A) medium wa.s suspc.mh'-d in li) r.e. sbTile water. 
Oiu' c c of th(^ spore suspension was added to 25 c,.c. (-T)A medium pnwuously 
melted and brought down to 45-40°C. T\w inoculated medium was ])oured into 

sterile Petri dislu\s as described above*. f.civ 

The a^^ar ]>lates solidified after sometime, and (uifis vviu’c cut out with sten c 
cork borer^(bore diameter S mm.) and solutions of materials to b(^ tested wc^re put 
ijito lilo cups by nicans of sterile i)i]»etfes._ Tlie incubation 
bacterial and fungal ])latea were 37“0 and 2;>°C respectively. I be inliibit > 
were measured after 24 and 48 hrs. in th(^ <-a.se of bacterial and fungal test organisms 

respectively. and mesuone are insoluble in water, they were 

Dvlene elycol. Along with the experimmital assay materials, a eontiol was y 

rim for” the solvent, propvhme glycol, which showed a nogligihle inlubilion zoi.e^ 
KXt eks were prepared with A to 17 mg. of the substances ami the volume w.aB 
so made u7 that the concentrations reaclicil 8 : 1000. This solution 
such and was also subsequently diluted in ratios of 1 : 10, I ; KM) and .11 ^ 

propylcke glycol for theVurpose of further tests. Aqueous «« 

G and of diliydrostreptomycin sulphate were preparefl by f 1 • 10 • 

material in 5 e.c;. sterile water. These were further diluted m latios of 1.1, 
I • 100 • 1 • 1000 and I : 10000 with water for further tests. 

Thi well .. the kcr„el oil ,v.. ,„ert » e„eh_ Ka. J 

repeated 4 to .> times and the mean % allies were taken ( Pahle 1). Hu. variation 


2 






‘Figures in parentheses indicate inhibition zones in iniu. in presence of 10 per cent nonnal hor: 



PHOPERTIKS OF SOME (^ONSTIl' ENTS OF MIuSI’a 
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in the fUameter of the iniiibitioii zom-s for «u-li conipouiid of the 
was within 1.5 mm. in the (lifferent exj)erim<Mits. 


samp c.omipntratinii 


Resflts and T)is(a'ssit)\ 

It appears that ot all the suhstanees studied mesuol aiul mi‘suom* are the m(»st 
active against S. aureu.s. Mesuol is more activf' than nu'suom^ against M, nhid. 
None of the constituents have been found to be iu^tive against anv (d‘ th(‘ fungi 
tested. 

It appears from the table that the minimum com;e.nt ration at whirh uu'suoi 
and mesuone inliibit the growth of S. nun ns is of tlu^ order of :{0 microgra.ms per 
c.c. while that for penicillin is of the order of {),:){) mi( logram per c.(‘. fVom this 
it may be said that mesuol is about I per cent as active- a.s penicillin against N. 
aureus. It may be inentioncd hero that allicin, a ])Iaiil aiitii)iotic, isolatcHl from 
dlltu7fi cepa^ ((/avallito and Hailey, lifU) ulu^ii t(\Mt{‘d against S. au/'fns also s1iow(n 1 
an antibacterial activity of 1 per cent as compared vo peni( illin. Hie antibacterial 
activity of mesuol and mesuone against S. ann us is thus of th<' sam(‘ ordcu* a.s that 
of allici?i. 1 he remarkable d(*.crease; of llu'; /// infro a(5ti\'itA' of nu^suol and mesuom^ 
in presence of s(uaiin sugg<\sts that in. riro trials of t he antibiotic may not he fruitful. 
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RKPRODUCTTON IN CLEVKLANDIA /OS (JORDAN AND OTLBERT), 
WITH AN ACCOITNI^ OF THE EMBRYONIC AND LARVAL 

DEVELOPMENT!^ 


by R. Raoiiu Prasad^ 

(Coinniimieatod by N. K. l^anikkar, F.N.I.) 

(Recflm^d Jfily ,W ; trad Octohf r 17, l9aS) 

A HSTRACn’ 

Tho pjipor (loalrt witli tlio Hizo at firs’ tnatiirity, breculing habits and w^xual diinorpliism, 
oinbryonif d<>vv^lopta(Mit. and larval Hla^(<*,s ol‘ tbo i^ohy, Clvvclaiulid ios. 

ft was notifad that 23 par cant, of fVanalas start maturing at standard lonjj^tli of 20.0 inni. 
Tlio pt>rf;ontago inanaisos ^^rtidinilly and all fcrnalos 34.0 nun. and above are mature. 

4die Hpavvriinv^ season (‘xtends ov^er a period of nin<’ montfi.s with tho luaivicst spawning 
talcing place from March to dune. 44ie fisfi fays about TdO to f,()00 f‘ggs but ac^tual counts of 
ripe o\airian ova vary from 800 to 1,200 according to tiu' size of tfio fish. 

Tiic’re is no parenttil care among (Uevelandid anti tho eggs are laid over a consid<a’able 
area eit fier singly or in small groups. Sexes c*an l)o separat(‘fl easily, in spt'cinu'ns largt'r tiian 
10 mm. by t fie examination of t I h) genital pajiilla. 'ria^rt' is no signifiiamt differtaice in standard 
lengt fi fietwoim tfie two sexes, but tlie length of head and lengtli of ma.xillary are significant ly 
difTca'ent in tla^ males and females for a given standard length, they being greater in the males 
than in the females. 

'Die embryonic devadopniont and larval stage.s of (Jl(’vcla>t(l>ti. up to the tenth day after 
hatcdiing hav'e been described from eggs artificially spawned in tho aquarium. .At temptaatures 
varying from 15. t) to 15. 50 tVio period of incubation extends from ten to tuclv'o days. 
Doscript ions of post larval stages are also givam. Attein|)ts to rear the larva<‘ in th<‘ lab<aalory 
for more than ten days provt'd to be impossible and tlu* details of the* nudhods trierl arc gi\en. 

TnTRI^DTU THIN 

'The iiK'Hihers of tho family (h>l)ii(hi(‘ are o.xceodirigly numtd’oiis in tln^ tropical 
and tomperato zou(\s, botli in species and individuals, but they art^ of little economic 
importance in most parts of tfie world. Idiis is true largtdy because most species of 
this family are smtill in size. In oidy one known instan(*c do the members of tliis 
family enter the commercial fisheries. 1’lu‘ goby tishery in the Pliilijipines is 
extremely interesting and an a(‘count of this has been given by Mauacop ( PC I ). 
Gobies liave also been used as bait fish (VVeisel, 19I7) in the Cnited States of 
America. Presumably because of their relative (H*ouomic unimportance no serious 
attempt seems to have been made to study the complete life history of any species 
of goby, d'lio author, therefore, undertook to gather as much data as pos.sible 
on the life history of Cleirlandia ios, a goby wliich lives botii free and commensally 
in the burrows of Urechis, Upogebia mxd OaJliatwsm . The following account deals 
only with the size at first maturity, breeding habits, sexual dimorphism, embryonic 
development and larv^al stages of (\ ios^ and accounts on the other aspects of the 
investigation on the life history of this goby will be ])ublished elsewhere. 

The material for this study was collected from Elkhorn Slough, a tributary of 
Monterey Bay during 1940-48 and the details regarding the locality, methods of 


A Present address : Central Marine Fisheries Research Station, Mandapain Camp, 
South India. 

2 Recently a series of pa|X)rs on the life history of Japanese gobies have bei>n published 
by D6tu (1954, 1955a, b and r, 1956a and 6), Dotu and Mito (1955a and b) and Dotu, Mito 
and Ueno (1955). 
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(*DlU‘(‘tioD, will l)c ^ivrri in tlni airoiuit diNtlin^ with tin* habitat and habits 

()i ( If rrlar/fl io . 

Sr/.K AT First Mati^kity 

()v'ari(‘H w(‘r(^ (‘xainincd from a ratnloin siib-sainph* ni eafh monthly sam[)lo 
in ord(M- to follow tlH‘ growth of Tin* <»bs(*r\ ations (\\UTided from August 

H)4<» to S<‘[)t('m her 1947. fn each <*asc th(^ diaimder of the (‘.gg was measnre(l with 
the aid of an micrometer. The data an* given in Fig. I . In constructing 

this figuri* ordy the large.st <‘ggs in tin* ovary mv iTicluflecl and al^^o fish of less than 
20.0 mm. are. not ta.Iv(*n into /iccount. 44 h‘S(‘ (4).s(‘rvations have led to tlu* following 
com4nsions. 

A groii[) of <iggs mc^asnring up to 200 mi( ra in diameter is seen throughout 
the yt^ar in (‘V(Ty adidt feJiiah*. A larger grou[> of eggs, ranging approximately 
from 2o0 to loO micra in dianuder, is tin* maturing group. Th(‘y staid appearing 
in I>('C(*mb(M* and arc* well rcpi(\s(‘nt<‘d in tiu* months of March and x\])ril : a fcn\ 
also a.re found from May to .August. .A still larger group of eggs, ranging from oOt) 
to 742 micra in diam(‘ter, arc* tiu* ones which are to b(‘ spawned immediately. This 
igroup is predomimint from April to June ami is also found in a few individuals 
dn Ma.r<‘h. Ft is fin'smmul that (he interrmaliate group of ('ggs, found in individuals 
ouring tfie p(‘ak of tiu* spawning s(‘ason, will grow to the maximum size by tlu^ end 
if th(‘ sanu* siaison. Sim^e the tirst group of <‘ggs is pri'scmt throughout the year 
in all adult f(mml(\s it is considen'd to b(‘ a group of immature (^ggs. Mon'over, tlu' 
mmature (‘ggs ar(‘ absolut(*ly trans[>arent with larg(* niukms (!M. 111. Idg. 1). On 
tlu‘ otluu' hand, as the ova start maturing, granules of yolk begin to appear in t!i(^ 
cyt'Oplasm and th<' t ransparimcy of the eggs is gradually lost. 

lh‘for(‘ consi(h‘ring tlu^ (juc'stion of tlu^ size at first maturity, it is advisable to 
dcdine as to what is meant by “mature" and “imnuaturc'". Tlu^. word “immatuie ’ 
is som(‘times used to refer to young fish which have' never spawned and also to desig- 
nat(' older lish which have syaiwrusl [in^viously but as y(‘t show no indications 
ol the ons(‘t of maturity tor tin* mext spawning sisison. Similailv. tlu* word 
“maturity" has a- (hadile imsming. 

In this rt^port . fish which Iuiao lunau’ spaw iual ar(* designated as ‘ immaturi*". 
.Maturing r(*f(‘rs to in<li\'idua!s having (‘.ggs jarg(‘r than 2t)t) mi(aa but not y(‘t 
develoju'd to a stages which is r(*ady tor spawning. Mature* individuals are those 
having compk'tely rip<* eggs which an* ready toi* liberation. Such mature* fish have* 
('ggs ranging from 7IA to 742 micra in diamet(*r. 

I 111' limit of 2(M) micra is thus fix(*d to s(‘parate the immature from flu* maturing 
('ggs. .Any inc!t'as(* in si/(‘. b('yomi this point is rc'gaixh'd as an indication of the 
Ix^ginning ol growth toward maturity, 'riu* size at first niaturit\ was d(*termined 
from th(* data coII(‘ct(*d during March 1947 to Jum* 1947 (Fig. 2). The percentage 
of femah's maturing in (‘ach length unit is given in Table I. For these calcula- 
tions, data at the onset and tlu* close of the s})awning season have been omitted 
because ot tlu* rather iri'egular and sp(^radic ca.ses of spawming taking plac*e before 
a.nd after the maximum spawaiing period. Thus the data com])uted is fr(^m the 
heaviest spawning time. 

hrom thes(' data it is concluded that all females smaller than 29.9 mm. in length 
are immature and that 24 per cent of the fish are found maturing in the 29.0 mm. 
group ; ap]>roximat('ly 49 per (*ent in the 40.0 mm. group ; oO per cent in the 41.0 
inm. group ; about 02 jun* cent in tlu' 42,0 mm. group ; about 91 per cent in the 
44.0 mm. group and all the females at and above 44.0 mm. are found maturing. 

Spawn rxo Season 

From the data presented graphically in Fig. 1 it is clear that the peak of the 
spawning season extends from March to June ; it is chiefly during these months 
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'rjox'r-KKJ. 2. 

Dintribulion of different si/t3 gronpH of eggs in tiaicli loilliniolei- of Btaiidard longlli 
Class designated as ‘25’ ineludos all measurements ree«>i’ded »is 25.00, 25.25, 25. 5( 
and 25.75 mm. 

Tiio genital papilla and tlu^ l)laek pignuMit baiul ojj tl»o anal tin (jf a itiale (JU cvlundld 
The female genital i)apillu. 
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Tabue 1 

Nnynher and fyerrentayr oj fish maturing in each millimeter of body Unyth. 
iJdtff collected front March 1^)47 to Jane 1947. 


Body length in 


'Total 

x\ uiiihoi- 

l^orconta^; 

rnillimrdcrH > 


nuinbors 

maturing 

maturing 

25.00 


0 

0 

0 

26 . 00 


8 

0 

0 

27.00 


10 

0 

(! 

28.00 


13 

() 

0 

20. (H) 


26 

(i 

23.0 

.'iO.OC! 


28 

11 

30 . 3 

1 . 00 


16 

8 

50.0 

32.00 


21 

13 

61.0 

33.00 


36 

33 

01.4 

34.00 


2(» 

2ii 

lOO.O 

35 . 00 


31 

31 

100. 0 

3(> . 00 


31 

31 

100.0 

37 . 00 


21 

21 

100.0 

38.00 


( 7 

J7 

100.0 

30.00 


12 

12 

lOO.O 

40 . 00 


0 

0 

100.0 

41.00 


1 

1 

100.0 


' (.’hiss (Irsi^natiMl as ‘‘2r».()D” iiKthaio.s all longlhs i 
2r>.(J0, 'Ict.'lo, 2r).r)(), and 25.75 milliinoters. 

that mature arc? found in Uu* ova.ii(?s of the? foinal(‘s. A])]>arontly, howcvc'r, 

sonic? spawning lake's place' hotii hc'forc' and aftor the'- niaxinmin ))oriod Ix'raiisc? 
f(?inalos with mature^ or maturing c'ggs arc' ohsc'rvccl in Dc'cc'udier, rlanuary and 
Fc'Jiruary and also in ,fuly and August, (n Fig. I tho frcMpjcncy distrihiition for 
AugU't lOtt) indicatc^s that IIk'I'c* weio cpiitc'. a nurnher of sfiawnnrs, whereas that 
of August 1947 sliows no indi\ iduals c*ontaining c'ggs moic^ tlian oOO mica*a in 
diameder. 'fhis discrc?j)an<*.y is l)cdk'\c?d to hc' ajiparont ratin'!* than real. Fig. 
2 shows that the? si/c' of tlie c'ggs during the' spawning sc'asou depends also on the' 
length of the individual fish. It is prohahic?, therefore', that the difference in tho 
relative nunihers of mature', and ijumature fish in I94(> and 1947 is due? to a differenc e 
in the collecting techniciue that for 1949 selc'cding thc' larger individuals. 

An effort was inn.de to loctatc' naturally s|)av\nod c'ggs in the field as an 
indication of tlu? spawning se»ason hut without conclusive results. A few eggs 
were e*ollee*ted in May 1947 at tlie* he?ight of tlic spawning sc'ason as indicated by 
the stiuly of ovarian eggs. 

The fish kept in the aepiarium started spawning in Marcli 1947 ; the first one? 
spawned on 20th March. The second one, which was ready to spawn, was stripped 
on Sth April and tlie eggs were artificially fertilized to study the development. A 
third female spawned on 1st May Occasional planktc^m tows wore made in the 
Slough with a view to collecting larvae?. A grou}) e:)f twenty larvae, measuring 
4.75 mm. in total length and 4.55 mm. in standard length, Avere collected on 
7th July 1947. Tn general appe?arance these larvae resemble the larvae reared in 
the laboratory although there is a slight difference in the arrangement of the pig- 
ment pattern. This is presumably due to the fact that the onexs taken in the' 
plankton tow are of a slightly more advanced stage of development than those 
reared in the laboratory, l^nfortunately it ]>roved to be impossible to rear those 
taken from the Slough until they can be positively identified ; nor was it possible 
to rear the larvae that hatched in the laboratory to a stage comparable to those 
taken in the Slough. Since fhere is no other goby fouiul c'ommonly in largo 
numbers in the Slough, it seems safe to assume that these larvae are of ( levdandia 
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tos in spite of the minor fiifFerences in pigment pattern, whieh, as already 
mentioned, may very well be due to the differenee in the stage of development. 

On 9th March 1948 tive larvae* ol (\ to.s, ranging in size from 4.25 to 4.50 mm. 
in length were eolleeted from the Slough with the aid of a plankton net. 

hioni tlie.se re.sults it i.s concluded that ( 'lewland ia ios has a ])rotrac'te(l spawn- 
ing season, extending oyer a period of possibly nine month.s, but with the heaviest 
spawning taking plaee Irom March to dune. Isolatc^d c-ases ol spawning apparently 
oc cur as early as December and as latc> as July and August. 4’here is only a short 
pc'riod, at the mo.st three months, Se[)tember, October and Novemln'r when there 
is no spawning. 

(JJvveUnid Hi liiys Irom 7o0 to 1,000 eggs at a tinu*. 4'lu^ number of ripe* ovarian 
ova, as shown by acdual counts, varies from SOt) to 1.2t)0. 4'iie sizc^ of the ovaries, 
as well as tlu^ iiuml)c*r of eggs thc‘y contain, varic's with the size of the lish. 'The* 
largest matuiv^ o\aric‘s examined (lo.Omm. long and 5.25 mm. \\i<h*) wcu’e from a 
iish 50,5 mm. in standard length and containecl 1,200 mature? ova. 

An examination of the ri])e ovary reveals eggs of three di{ferc?nt sizes (PI. Ilf, 
Kig. 2). The largest eggs range in size from 715 to 7112 micra while the? intermediat(^ 
group m(‘asures between 200 and 250 niiera and the smallest from IK) to 95 mi<*ra 
in dia^netei-. Many othcu specic‘s of lish show more than onc^ distimd siz(> of eggs 
in thec>\arv (1 M-lchn w ood, 1892 ; "fhompson. 1914 and (dark, 1925 and 19114). 'Theses 
different classes ol' c*ggs may indicate a multi|)li( ity of spawning as demonstfated 
by (laik (1925 and 1944) in Lcurosthes ienuix and Sa rd'niops caeruha r(‘spectively 
or tlie intermediate and the small eggs may be* rc^sorbed after the spawning season 
as happens in maaiy speci(‘s of lish. Ati <‘xamination of the cross section of a spent 
ovary i)\' ( Jerdandia soon after spawning does not show any indication of degenera- 
tion. whereas that of a lat(‘r stage shows signs of disintegiation indicating thereby 
tiuit the nnsj)awned ripe c^ggs dc^generale and are n'sorbc‘d. 44ie group of inter- 
mediate? (‘ggs also seems to degenerate while the? grou]> of small(?st i?ggs scH?ms to 
remain unchanged (PI. Ill, Fig. 4). This dcH*s not mean t hat the? ]>ossibility of a 
multi})licity of spawning in ('level(india niay be (?om])l(?tely exc-luded. 

Bkekdixc Habits and Sexual Dimoriuusjvi 

MaeUinilic? (1945, ]>. 748) remarks, ^dlmlandia lays (?ggs in the? spring, 
lifteen to twenty-live eggs at a laying. Fhe eggs, wliieli arc? laid singly, an? allovv(?d 
to settle to the bottom, where thc^y Jidhere to the sand, Flie eggs arc? 745/6 long 
and 579/c w idc* ; t he? yolk is (>45// long and the same* width as the? wIk)1c? egg.’' Phis 
is idl tliat has previously beam known iib'out the breeding habits and eggs of this 
tish. Great dillieulty was ex[)(?riene?eMl in making ()l)s(?j‘vations of ilieir brecMling 
habits in the ti(?ld ami lienee the following observations w'f?re made on speeimeriL 
kej)t in the aejuarium. 

The females during the b](?eding season dis])]ay slight (changes in their colour 
]>attern. This is especially marked just a few days ])rior to I lie s])aw'ning time. 
This change is pur(?ly transitoi\y and disappears soon after sjia-w ning. 14ie mature 
female, ready to s])awn. can l)e easily reeognizeel by its greatly distended abdomen 
(due to the enormous increase in the size of the eggs) and a bright yellow c;olour, 
caused by the unde rlying eggs, is visible through the distended abdominal wall. 
The fish "becomes sluggish anel rather iiiactivTL fn some of the mature females it 
is observed tliat a streak of black pigment developes on the anal fin. Tn addition 
to this there is a great increase in the melaaophores on the two dorsal fins and a 
(‘onsiderable increase in the number of xanthophores all over the body. 

In the males there is as much c?olour change during the breeding season as in 
the females. A black streak ajipcars on the anal fin of all mature males. This 
fades out to a faint streak after milting. Yellow' pigments clove lop chiefly on the 
ventral surface and two streak.s of melanophores appear on the lower jaw. The 
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rnelariophorcs on the dorsal tins increase in nurnln^r and the upper half of the 
pectoral shows hlat*k pigmentation. Contrary to the behaviour of the females, the 
males are. cjuite acitive during tfie spawnin^j; tinu*. Then* is ik) distension of the 
abdominal wnll in tht* maU^s as tlu*. testes are (‘Xtremely small, measuring about 
IbO mm. in length and 0.75 nun. in breadtli. 

I^irerdal care, in various forms, is a trait often ob.served amongst gobies and 
tlie mal(*s er tlu*. f<nnales, or botli. protect the eggs fluring the period of incuba- 
tion. (Icvthnidia shows no sign of panmtal ear(*. This is probably explained by 
the fact that it lavs eggs o\(‘r a consiflerabh^ an‘a, C‘ith(‘r singly or in small groups,^ 
vvlu*r(‘as thosf* fonns which piovich* par(*ntal care deposit their eggs at one ])lace 
and a.r(^ gt*nerally fbuml attached to some* Ibteign material, such as empty 
nK)lluscari shells, pief-es of wood, etc. 

Many sp(‘(‘ies of gobi(‘s exhibit mark(‘d s(‘xual ditnorphism and characO^rs 
afssociated with sex ha\(* Ix'fm rnistakeidy cfmsidfTcd as specitic. dfiulandia 
flf)(‘s not f‘xhll>it striking sexual <linu)r|)hism and th(‘rf* are no easily Tu)ticeable 
sfMondary sc^xnal charact<‘rs. As already pointed out, mature females can b(* 
f list inguished from males by tlie naturf* of tlu'ir belly, considerably distended and 
y(*llov\ish in tin* f(*mal(‘s. Hu* dark ba.inl of ])igments on tlie anal tin of the male 
is not alwa-ys a n^liabU' chariictcr sitict* it is observefl in sonn*. of tin'; females, too. 
llow(*\(‘r, a-s in many othcj’ gobi<*s, tin* shap<‘ of tln^ gf'jiital papilla is a character 
that can be used with conlidcncf*. to sf^parati' tin* s{v\(*s. Tn both sexes the ])apilla 
is minut/f* arnl can be diff(‘rent iatod oidy with tin* h(;lp of a low-power microscojie. 
In tin* mal(*s tin; genital papilla is straigld. and tubular (Fig. 3) wdn'reas in the 
femak's it is a tl<‘sliy bulbous tubercle with a short spout-like opening (Fig. 4). 
This charactiU', ev(*n though reaflily sef)arat(‘s the sexes in the larger lish, cannot be 
us('d for thos(^ of about I t).t) mm . or l(*ss in stainla.rd l(*ngth, in which the difFerern'O 
is not generally n\ark<‘d. 

1dier<; is no significant dilfertmcf* in stainlard l('ngth bctw’i*en the two sexes, 
^riiis was dettTmifu*d by a study fif tin* larger lish, above I9.t) mm. in standard 
length, tak(*fi in two collections. .\ sampk*. coll(H*ted in Oftolx'r 104() contained 
25H males and 250 f(*mah;s gr(‘aJ<‘r than I9.(> mm. in length. Another taken in 
No\'(;mb(*r 1 9 10 Inul 272 males am I 421 f(‘mal('s. Idn* sexing w as done by the 
examifiation of the genital }>apilla. and in s(‘V(;ra.l of tin* smalU*!* fish this was cheeked 
by the examination of' tin* gonad. In the ()ctob(‘r sample the arithmetic mean 
(with its stainlard error) for tlu' mal(*s is 20.007 i 0.191 i!im. and for the females 
20.077 d. 175 mrn. Tn tin; X()\emh(*r sampk* tin* corresjionding figures for the 
mak's are 25.072 0 -50 mm. and for tin* f(*mak*s 25.945 O.207 mm. The 

/-test was appli(*d to ('a(*h sampk* after ealeulating the standard error of the difference 
between the means. Tn both samples tin' ditYcrenee in the standarfl length of the 
two sexes is not statistically signiOcjint, P :> O.tto, 

Other charactt'rs such as the k*ngth of head, length of maxillary, length and 
width of snout were also stndi(*d for possible; difre*r6mces. For these studies a total 
of Oft y speuamens w ere nn'asiired from each sex. their stainlard length ranging from 
20.0 mm. to 10.0 mm. Scatter diagrams were jnepared for tliese — the respoctiv^e 
eharaeters plotted against the standard length (Figs. 5, 0, 7 and S). Both males 
and females show' a vt*ry high jiositive correlation in all tln^se* characters and except 
in one, the lengtli of head, the difteren(*es between the correlation eoeffieients are 
not statistically signilieant (4'able 2). Even the signiOcanee of the difference in 


I III a ])oraoiial oorninunical ion from Dr. Boliii on 17tli January lO.'iJ, Rewrites that 
zoology stiuleutH from the llniversity of California “found goby eggs, imdoubtedly those of 
Clevcl(tndia, attached to the mucus-cemented sand ju.st inside the mouth of the burrow of 
fVccA/.v, 1 have looked for more on the couple of occasions that I have taken my class over 
to Elkhom Slough but have had no luck.” 
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the correlation c(X^llicients of the h'u^th of h(‘inl is inther doubtful as P is greater 
than 0.02. These tests were i-arritMl out by the c-test of II. A. Fisher as given by 
Simpson and Roe (lOdO, p. 242). 


Taulk 2 


Datit for thr of stigui/trance of tftc d > fjrrcnce heftrceo fhr correlation coefJicicnU'i 


Character studied 

r 

o' 


9 



t 

/* 

1 r 

' 

r 


Length of Ixoad 

! f0.!l73 

j 

2.15 1 

‘ 0.9S0 

2 . 00 

O.200 

2 . 1 S 

>0.02 

Lengtli of maxillary 

-t- 0 • 

2 . SO 

; O.OSl) 

2.00 

0.200 

0.07 

>0.05 

Leiigtli of snout 

j |-().!)0() 

1.82 

1 0.0-11) 

2 .o;i 

O.200 

1 1.01 

>0.05 

Width of snout 

' 1 0.905 

2.01 : 

-f0.07.‘l 

2.15 

i 0.200 

! O.08 

>0.05 


In an attempt to aseortaiu whether any of the (*haraeters considered above 
show sexual dimorphism the signi^icane(^ of the difbTenee between tlu^ two regres- 
sion coetricients for each character of th(‘ two sex groups was tostcMl adopting the 
method given in Siu\pson and Roe (19.49, p. 274). 

The given values of ('’I\al>lo 4) indicates that the dilYcu’ences in the n'gression 
coefficients of length of head and length of maxillary are significant whereas those 
of the length of snout and its width are not. This means that in (Icvdandia ios, 
within the range of size studied, length of head and maxillary of the males for a 
given standard length are significantly greater than those of the females (Figs. 
5 and 6). The length of snout and wddth of snout, on the contrary, arc not signi- 
ficantly differimt (Figs. 7 and 8). 


Tatu.e 

Data for the test of significance of the eJumteters compared in the males and females 

of Clovolandia ios. 


Character studied 

efr 

9r 

Length of head 

i 0.973 

1-0.989 

Length of maxillary 

f 0.003 

[0.980 

Length of snout 

4-0.060 

4 0.940 

Width of snout 

-1-0.905 

4 0.973 


h//,a* 

9 

erd^ 

t 

P 

0.29(5 

0.250 

0.011 

4.22 

<0.01 

0.227 

0 . 1 95 

0.006 

5 . 32 

<0.01 

0 . 083 

0 . 093 

0.005 

1.76 

>0.05 

0.172 

0.158 

0.009 

1.62 

>0.05 


Embryonic Development and Larval Stages 

The development of Clevela/ndia ios up to the tenth day after hatching was 
followed in the eggs spawned artificially on 8th April 1947. The eggs were stripped 
into a clean finger bowl which had been rinsed with fresh sea water. Owing to 
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I ho (lilficulty oximrifJicod in .stri[)[)in^r tho mal(\s, tho tf.vsto.s, roniovod by dissootion, 
\V(‘io teased witlj a j)ajr of disso(‘tin^ nooflh's. To this woiv add(‘d a feu drops of 
sea v\at(j'. 'I’he* sperms \V(‘r(‘ distributed iioiformly over the e^gs with the aid of 
an oy(^alropp(a\ The bowl was gently stim‘(l to onsiiro fertilization of all the eggs. 
After two minut(\s the (‘ggs were washed several tinu^s in fresli sea water to i(‘Tiio\e 
the (*X(‘ess spermatozoa and to f)r(‘V(‘nt polyspermy. Th(' eggs W(‘re k(‘]g in (Ik; 
lalxhratory at t(‘mp(;rat nres varying from lo' to lo..") C! 






Tbxt-fio. 3. 


Fig. 5. Tho rolutiou botwoon standard length and length of head in the males and females 
of Clevclandia. 

Fig. G. Tho relation botwoon standard longtli and length of maxillary in males and females. 

Fig. 7. Length of snout of tho males and females plotted against standard length. 

Fig. S. Width of snout of tho inale.s and fomalos graphed against standard length. 

The unfertilized eggs are honey coloured, translucent and almost spherical, 
measuring 735 micra in diameter (Fig. 9). As soon as the eggs come into contact 
with water, the outermost transparent net-like cov^ering consisting of thread-like 
filaments, breaks at the polo, opposite to the polo of attachment, gradually falls 
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down forming a cin U t of adhesive thn^ads (Kitr. 10) whwh attach the cl%s (o the 
sid)st ration. Dimckcr (1029. p. XIF. g. 12.*)) remarks: “Die Kir siiul vor ihn'i* 
Ablate luigelfdrinij^ uud von (*imT ludzarti^ iliircldirocheium ^rmnbran umhidlet. 
IFei dor Ablate plat/t diese an dem iduen Pol <k.‘s sieh striM-keiiden Kies, bleibt 
abor an dem ^e^einiberliegenden Test, uml mittels ihrer nrspningliehen Aussen- 
Oaehe lieftet sieli das abg(‘legte Ki auf seiner Dnterlage Hut in . lrcyd/'o, 7 <>/>/v/.s* 

Aiyar (19, ‘k), [>. S4) observed : “At the narrow (uid the mii'ropylo can be 
seen as a distinct ojiening. Streaming out of the o])ening are tilaments whicli 
immediately attach the egg-case to the bottom of the glass." A tendemw for the 
thr(*ads of the adjacent tiggs to remain together is noticed and this results in the 
aggregation of the eggs into bum'hes which look like bunches of grapevs. Kggs also 
attach themselves to tlu^ substratum singly. They do not show a tendemy to 
float In tlie Slough the eggs of (lenhnulia are found attached to sand 
grains. 

The egg membraiie of an unfertilizecl egg remains vc'ry c lose to the' yolk and 
betnec'ii it and the yolk theu'e is a baredy pereepti})le ])erivitellim space'. The deli- 
cate and transparent egg membrane has extremely tine longitudinal striations or 
the surface. It was not possible to loc^ate the* micrc)j)yle. Thc^ j)rotc)])lasm is 
distributed in an almost uniform layer over the surface of tlie yolk and there are 
numerous oil globules of different sizes distributed in thc> yolk. 

Hlnstodisc : As alri'ady iiu'ntioncMl, the bulk of thc^ protciplasm at the time 
of stripping is distributc'd over the surface of the yolk in a layer of uniform 
thic'kness. It begins to concentrate at one j)ole, the animal polo, within five 
minutc^s afler fc'rtiliza.tic3n , to form the blastodisc (Fig. 11). This c'onc/c'utration 
is brought about by the' protoplasm flowing toward the animal })ol(>. 'The pheno- 
moncju of streaming of ])rotoplasm during thc 3 formation of the l)lastodise has 
been described in the egjis of various teloostean fishes by Kyder ( 1 88 1), Wilson 
(1891), Kuntz (J91f)), and otheus. No such streaming of ])rotc)plasm can be observed 
in the species under discussion, probably due to the fact that the ])rotoplasmie 
granulations are too fine. Kuntz (H)l(), p. 424) remarks that in t-he eggs of Gohio- 
so nut bosci ‘‘Thc^ protoplasmic movemc'uts involvc^l in the j)roc(>ss of conctentration 
can not be? satisfactorily observed by reason of the o])acity of the yolk.” Whereas 
in the eggs of ( Uf^noijobius sihpnd liens he says that : ‘‘4'he process can hardly be 

described as a ^’streaming*’ of the protoplasm toward one ])ole of the yolk sphere, 
but rather as a t hinning of the layer of protoplasm on one side of the yolk and a 
corresponding thickening on the opposite side which pushes the yolk out into an 
extremely eccentric position |427].” Even though no streaming of ])rotoplasm 
is noticed in (■. ios there is no ejuestion about the redistribution of the protojilasmic 
material whic h concentrates at one pole. There is not any appreciable shrinkage 
of the yolk s])hero. 

Concomitant with these changes there is a gradual stretching of the shell, by 
absorption of water, thus inci'easing tJie perivitc'lline space. The eggs now assume 
an almost elliptical form. The yolk with the growing blastodisc remains practically 
at the centre of the capsule (Fig. 12). 

About two hours after fertilization the egg-case reaches its maximum size, 
I, ‘100 micra along the major axis and 790 micra along the minor axis. Slight 
variatioijs are ob.scrvc'd in the size of the egg-cases. The smallest was 1,170 micra 
by 715 micra while the largest measured 1,300 micra by 790 micra. Thus there is 
an enormous increase along the major axis but the minor axis hardly increases at 
all. At this stage tlie blastodisc is fully developed and appears as a symmetrical 
dome-shaped cap on the yolk sphere. The fully differentiated blastodisc is fairly 
thick and })y about two hours and fifteen minutes it is quite sharply defined. The 
amount of protoplasm in relation to the yolk is considerable. In 95 per cent of the 
eggs the blastodisc is toward the attached end of the egg whereas in the remaining 
5 per cent it is on the side away from the base of the egg-capsule. At this stage 



22 


R. KAflfU RHASAIJ . KiprilODlK^TKlN IN i: LEV KhAS I)I A lOS (JORDAN AND 


iH no in si/r or shape ol‘ the yolk-niass (except that at the 

to[> it is slij^htly tiatterHMi (Fi)/. 1'he oil glohules remain the same. 

ntntlo/f : first si^n <>f eI<?avaR(‘ starts at aj[)proxiinately two and 

lialf flours afUu* fert ili/ation. Wlum eh‘avati;e starts, in most cases, tiie yolk with 
tile hlastodisi- migrates <^radually to th<i distal end of the e^U, cajisiilo (away from the 
attachrnmit ). In a few of th(' e|i:gs this process may start a little later and conse- 
qiKititly the* yolk with the dividing' lilastoflisc reaches the narrow end of the egi:- 
case only when it is in the eight- or sixteen-cidl stage. The oil globules show^ a 
tendem^y to accumulate under the blastommes. By tin*, end of three* hours the 
first cleavagi* is completed resulting in two huge hlastomeres (Fig. i t and PI. Ill, 
Fig. 4). The first ci(^a\ag(‘. plan<i is meridional and divides the blastodisc into 
two b|astomiu*(‘s <‘(jual in si/(^ and which, when vi(*w(*d from above, <appear almost 
(jinmlar in outline. This r(‘sults in the axis of tin* blastoderm being elongated at 
right angles to tin* cleavagi^ plane. Tin* subseipumt cleavag(‘s take filace at hourly 
intervals. Th(^ second cleavage which is also meridional and at right angles 
to the first, n*sults in four efjual blastom(‘r(*s standing out as more or less isolated 
roundi^d (ilevations (Fig. lo a-nd PI. Ilf, Fig.o). The four blastomeres are still large 
and as a result of the .si^cond cl(‘avage tlu^ axis of the blastoderm is restored to 
Hymm(‘try. 

The third cleavage, r(‘sulting in two ])arallel rows of four symmetrical blasto- 
UKU’cs, takers plac(^ on each side of, and ])arall(‘l to, t he first plane of cleavage. At 
th(^ (*nd of this cleavagi* tin* axis of tlu^ blastoderm is once again lengthenecl and a 
marked diminution in the size of the individual blHstomeres is observed (Fig. lb 
and PI. TJI, Fig. b). 

Th(‘ r(^sult of tlu^ fourth cleavage, resulting in sixt(*en cells, is that the blasto- 
(hu’in once again bei^omc'S almost circular in outUm\ As cl(*avages advance not 
only is tlu^ size of tlu‘ individual blast omer(\s reduced but they exhibit a great 
<legree of irri'gularity in siz(‘, shape and [losition. With the fifth (‘leavage and the 
formation of thirty-two c(‘lls the blast odcuin becomes two cells in thic^kness and 
from hert^ on it is practically imjiossiblo to follow' the course of cleavage in the living 
material, 'fhe size of tlu^ yolk-mass is »’educed grailuilly with tin* onset of further 
eloavag(‘. 

Aftt^r nine hours t he blastoderm has assumed i’le form of a thick dome-shaped 
(N’l]) w'ith sharply (h'lim^d edges but still the individual cells can be made out under 
the microscope (Fig. 1 7). As dev(4opment pnx'eeds it becomes more and more 
difficult to distinguisli the individual cells as they b come progressively smaller 
until finally at the <md of alxmt tw enty-one and half hours the blastoderm some- 
what resembles in appearatuo the stage just before the first cleavage took plaio 
except that the doiiu'-shajKHl hlastode.rin has already begun to lose its steepness 
and to thin out as it spreads around th(^ yolk (Fig. IS). 

Sef^mentatinn carittj : The segmentation cavity appears soon after the blasto- 
derm lias assumeil tlu* stage when the individual eells are indistinguishable, about 
twxMity-two hours after fertilization. It first becomes visible as a narrow^ central 
area beneath the blastoderm and in about twenty-four hours the cavity is well 
represented (Fig. lb), Tn the living e^ggs oi' Chri la ndia ios it is impossible to make 
out the periblast. According to Kuntz (1916) the periblast of the eggs of 
(tobiosonui hO'^ri a])pears relatively thick . but cannot be satisfactorily observed 
in the living material by reason of the opacity of the yolk. In the early stages of 
the formation of the segmentation (‘avity the solid cellular wall is of uniform thick- 
ness. As grow th proceeds the roof of this cavity becomes thinner, while the cavity 
itself l)ocomes larger, but narrow^er and spreads more over the yolk-mass. The 
margin of the blastoderm grows dow n around the yolk -mass. Due to this growth 
the yolk-mass, covered over by the blastoderm, slightly elongates (Fig. 20 and 
PI, III, Fig. 7). As a result of the centri|X5tal migration of the peripheral cells of the 
blastoderm, a thickened cellular rim is formed around the edge of the blastoderm. 
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This is the germ ring which, imiil the closure of tlc^ yolk l>lasto]K)re. marks the 
advance of tlie blastoderm. Tlie yolk-mass at tbe of the genu ring is slightly 

constricted. 

'fliis growth by tlu' ])roliferatiou of tlu* marginal e(‘lls rontimu's uniformly 
around the yolk until tlie blastoderm covers almost thre(‘ quarters of th(‘ surlaee 
of the yolk-mass. But with the appearance of the g(‘rm ring the proliferation of the 
peripheral (clIs, wliich resulted in th(‘ 1‘ormation of thc^ gt'rm ring, i*^ min h more 
rapifl at one pole than around th(‘ rest of tlu^ margin of thc' blastoderm. This ]>lace 
denotes the posterior ]iol(‘ of the futurt‘ embryo. An e.\tn*nu‘ly rapid t)rolif(‘ration 
of cells oc(‘urs here resulting in the formation of a, broad tongiU‘ which grows forward 
into the segmentation cavity. 'I'his is the embryonic shitdd. Along tlu^ media!\ 
line of th(‘ embryonic shield a thickening soon ap|)ears (Kig. i^l) which r(^presents 
the axis of the fullin' I'lnbryo and this ( onu's to lie paralh'l to the major axis (d‘ 
the egg-capsule. The thickening refernsl to a.l)o\(' soon grows forward (Kig. 22 
and PI. nr, Fig. S) and proji'cts into the perivitelline spac(‘. It |)roduc(‘s a (ha'p 
\'-shai)(Ml groo\’e in th(' yolk, in which the early (‘inbiyo lies cradh'd. 

^riie yolk blastopore remains op<‘n until iorty-om' Iiours attm* l(‘rt ili/,at ion but 
in another hour it is (‘ompk'tcly (‘los(‘<l. At about tiu' sa-m(‘ tinu' tlu* blastopores 
is closed, tlu* (*mbr\'o cxlc'iuls about thn'e* (|uai‘t(*rs oi tlu* way a^round tlu* n'.main- 
ing yolk-mass and the* \ -sha])(‘<l gioove lia-s (h*(*pe*n(*d considera.bly^ Kujdba* s 
v(*sicle has j)ut in its app(‘arancc and is S(*en embedded in tlu* yolk at t lu^ [)ost(*rior 
eml of tlu* embrvo (Fig. 23). 

Idle formation of the optic \ esicl(* and tlu* apjK'Miraiue* of tlu* first pa.ir of meso- 
derm somites occur almost simultaneously at about forty -si.x liours. I he first/ 
])air of somites appear almost near the mieidh* of tlu* <*mbrvo (Figs. 21, 25 and FI. 
in, Fig. 9). Along with these change's the* oil globul(*s gradually decre*ase in numbe'r 
but at the same* time there is a tende*ncy for those* remaining to b('(*ome larger. 
This is brought about by the fusion of two or more e)il globule's. By now the* yolk- 
mass presents a granular apiiearaime. 

About tifty-nine hours after fertilizatiem the embryo has denele>i)eel (‘onsideuably. 
The optic cup, well develeipeal and with a premiinent choroid fissure, has incre^ascfl 
in size. The auditeirv e*a])sulexs have> maele^ theur a[>])e*aiancei as a ]>air of small 
oval \(*sicles ])e)st(irior to the eyes, ddu* ne)tochord can be* see‘n and there* are* tern 
fuliv' formed somite*s. Tvujiffer’s vesicle is still pe'i’sistent but ha.s been n^fluc'eal 
in size ( Fig. 29 and PI. Ill, Fig. 10). Very soon the tail of the endiryo sluiw s ir di- 
cations of getting detached from the undeu'lying yolk-mass, ddus is very well 
stN'.n in PI i n, Fig. 1 1. Tlu* epiantity eif yolk has b(*(m reduced considerably and the 
yolk a])p<*ars to be* more* opaepu*. flu3 thre'e* jirimary' divisions of the* biain (“an 
b(^ made out. 'The number of oil globules is reduceHi to t\N <- or three*. In most cases 
the embryo lies with the; head toward the fr(*e* end of the egg-e*aj)sule bin a 
few are found to be the otlu'r way about. 

About sixty-three hemrs aftei* fertilization Kupffe*r's vcsie*le has ceunpletcdy 
disap]>eareel aiul shortly after this the tail be*e*ome*s Irea* from the* yolk. I he^ eyes 
are now' provided with lens. In another six hours the pericardial cavity appears. 
Growth takes place rapidly at the tail region and there* are^ fourteen fully feirme^el 
somites. 

The embryo has conpiletely fdleel the egg-ca]).sule by about seventy-one hours. 
The tail is still blunt and bent downwards. On the ventral side of the embryo 
where the tail bends, a pit is seen which is the anal pit. A few cells can be made 
out in the pericardial cavity and soon indications of the fVirmation ol the heart 
are seen. At about the same time the olfactory cajisules appear as a pair of horse- 
vshoe-shaped depressions below the eyes. In another six hours the tail, still bent 
downwards, has growm down further and the tip i.s in level with the li]> of the head. 
The head has slightly increased in size and some of th(i Io1k*s of the brain (^an be 
made out. The heart is seen as a simple tube containing a few corpusc-hjs. 1 he 
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otolitliH lire? cU^arly viaihiu, so is tlio posterior part of tfie aliniontary canal (Fig. 27 
and FI. I, Fig. 12). 

About eight y hours aft<;r fertilization the* heajt is sihuj pulsating slowly. 'I'liere 
nunains a single oil gloi)!ile in tiu' yolk. 

Flu* growtfi j)roc(Msls raf)i(lly an<I by the fifth day the (u)d)ryo lias Ix-gnn to 
mov e in 1 lu* egg-case, ft rotates on its lurejrit iidinal axi< ; t\\it(‘h«*s ils tail, and (cv- 
hibits wriggling rno\'(‘nients. 1'h(‘ yolk has become jiractically spluiFal. As th(‘ 
embryo lengthens, the tail beeomes more aetiva* and n!o\t s constantly, tt is kept 
b(uit eitfier to tlie right or to th(‘ hdl sid<‘ of the emf>ryo. Fij(‘ tin j’old d( \ (‘lo])s as a 
continuous fold running from th(‘ napi* arouml the tail to the jjosteri(U' margin of’ 
the yolk-mas.i (kdg. 2H), 

Figim utation in the (*yes a-})p(‘ars \( iy' (‘arly or) tin* sixth «lay and thi- eyes 
b<>comc increasingly darker as devclopmeul progresse's. About six hours after 
pignifUit at ion first appears in the e\ (*s, mehmo[>hores cae be ob,ser*\ (‘» I dc\ (‘loping 
along the* dorsal a/nd \(‘ntr*al sid(‘s o| the p<»st(u*ior hall of the bojiv', lln x ajijxau’ 
as smaJl black dots along t h(^ region w hert' the fin fold ami the bod \' m(*et . By 
)iow t h(i tip of’ thc‘ tail (which is bent forward) mxtmids as far as th(‘ middh* of tlu' 
(‘Vi* and t lie rudiments of’ the p(‘ctora.| tins arc \isiblc. 'I'lic fin f’old Ims bca-onu' 
slightly wider (Fig. 2b). 

1'h(‘ stomodaeuni beconu's appaixmt l>v the se\(‘nrh day. fn tin'* (unbi’yo of 
tfuMOghth day tlu^ (•\'es hava* tlar silxerv slnam. Four st(‘llat(* niela-nophon‘S apjiear 
on t h(‘ yolk-mass. riie (jiiantity of yolk has [)c(m consid(‘r‘a bl\ rtaluced and tlu‘ 
yolk -mass is about 40 .') mici’a in dia.nietor. 'rh(‘r(^ is the first indi( ation of t}H‘, air 
bladdi‘ 1 * w liich a.pptsirs just abo\e the yolk-mass a.t tin' l(‘\a‘l of tin- p(M tora.l (in. 
44)(‘ embi-yo exhibits occa„sional s iohait jerking moxenumfs. 

On the ninth da.y tin' |H‘ctora.l fins are wc‘ll d<‘\a‘lo[)(‘(l a.nd flu* embryo ha,s 
sta.rti‘d rising tlnun a-cti\(‘ly. Fignamtat ion has im'iH'a.sed on tin* yolk-ina<s. Flic 
a-ir bladdm- is \ a ry w ell s(M‘n and pigments hav (‘ di‘V(*lo[)ed on t In'in. Fln^ nn. vc'UK'nts 
of tin' mnbryo arc more \ igorous. By the end of tlu- ninth day th(‘ m(‘lai.i)phor('s 
ha.\ i* beconu' larger. 'The (‘inbryo has by now a well d(‘\ eleo(Ml mouth. 

As the tenth day a^pfuoacln^s the (unbrNo becomes moi'e and mori' a.efixcn 
'The yolk-ma-ss is reduced to about .‘>2.’) micra in diaimda'i* and tla-ri' is still one oil 


'rex r -ne. 1. 

t'lg. t). All iiTit’ort ili/rd egg nt'ici* t lie rnrncitiea o', llic fidln\si\»> llircads. 

t’ig. lU. Tlw' <‘ircl<a ofadhe.sixi' ttirt'a<ls at ( lu> hasc' of t lio cgg-c ;i|»siilc. 

Fig. II. .All I'gg ti\(' inimitcs at'lcr fort ili /.at ion showing the eliange in the d i.sl i’i I ait ieti of 
grot o[)la.sm . 

Fig. II’. .Vn I'gg showing the <'longjiteil egg-ea|)sule and the inereast'd | 'ei‘i\ it I'lliiU' s])a<'e. 
I'hg. IJ. Fgg wdth fiillv de\eIo|)(>d hlnstodisc. 

Fig. M. Fgg show ing t wx) blast ornort's. 

Fig. la. Fgg witli a filastodtani of four cells. 

Fig. I a. Fgg in the eight cell stage. 

Fig. 17. Fgg with a many colloti hlastoilenu. 

Fig. IS. Egg showing tlie dome-sUapod blastodiM-in resc'inhliug th(' blast odise of J'd'g. IJ. 

Fig. ID. Egg showing the .segmentation cavity. 

Fig. 2t). Egg witli inciHviscd segmontation cav'ity and .slightly elongated yolk-mass. 

Fig. 21. Egg showing tla^ embryonic axis. 

Fig. 22. Egg showing an advam-ed stage in the different iat ion of the embryonic avis. 

Fig. 23. Ifgg showing embryo with Kupffer’s vesicle. 

Fig. 24. Embryo wdth well devolopiHl optic vixsich' and a paii’ of nn-soderni somtii's. 

Fig. 25. Dorsal view of the embryo showni in Fig. 2-4 showing the \’-.shapcd groove in whicli 

the oml)rvo lies. 

Fig. 2t). Egg with an advanced embryo showing well developed optic- cup willi choroid 
fissure, auditory ve.sicles, notocliord and mesoderm somites. Notice the reduc- 
tion in tlie si/e of Kuffi'r's vosiede. 

Fig. 27, Tlie embryo showing olfactory capsuhx tubular beatt, anal jat and postioior ])art 
of tlio alimentary canal. 
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globule persisting ; but it has become much smaller. Along the dorsal side can be 
seen throe rnelanophores, the last one being the largest. On the ventral side are 
two rows of rnelanophores, one along the edge of the body, composed of about 
eleven stellate nu‘lanophore.s and the other on the lower part of the alimentary 
canal, composed of about six small pigment spots. On the yolk can be made out 
about seven melano{)lioreH. riie arrangement and number of rnelanophores seem 
to be fairly constant for the species. Associated with the Iburth and eighth mela- 
nophores on the ventral side are two xanthophores. A series of xanthophores 
extend from the region of the mid brain up to the last melanophore on the dorsal 
side. But these xanthophores seem to be transitory. On (larcful examination 
corpuscles can be seen moving in the blood vessels but they are still colourlcvSS. Oil 
the evening of the tenth day, 22H hours after fertilization, the first larva hatched. 
A series of jerking, wriggling and lashing movements of the embryo rupture the 
egg membrane, ddie tail comes out first in most cases and gradually the larva 
wriggles out of the cgg-case. The time of hatching varies (jonsiderably. The 
first one hat(*hed at 9 p.m, on th(^ 1 7th April and the last one hatched on the 19tli 
at 1 1 a.m. 

Larvdfi : Al- temperatures \ arying from 15 to tiu' incubation period 

extends from ten to twelve days. This seems to be in agreement with the incuba- 
tion fKjriod of many othei* spci ies of gobies, both American and European. For 
the blind goby, Typhloffohuis nilifornien-sis^ the imaibation period is tiin to twelve 
days at temperatures ranging from 17'^ to 20' {y (MacGinitie, 1999). Weisel 
(1947) assumes that at about 1S''(/ the period of development prior to hatching for 
(fUllirhthi/s mirttbilis is ten fo twelve days. For thos(‘ Europcjan sfiecies such as 
(U)biHS micnyps, (i. nnnnfus and t/. pirt'ihs, Shann (1910) mentions that the pcu-iod of 
incubation is about fourteen days. .But according to Kuntz (191f)) tlio incubation 
period of (Uybiosonia bosci, an American species, at “laboratoiy temjiei’atiin' ’ 
is af)proximately five days wliereas for ( Urnoyohius the period of imai- 

bation is not ov(U‘ eighteen hours. 

The newly hatclual larvae of ('bnhnfdia los (Figs. 90 and 91) are ])elagic. 
They vary in size from 2.75 mm. to 9.25 mm. in total kuigth. d'liey are skmder, 
delicate^ and tra.nsparent. TIu' lu'ad is roundc^l v ith \vell-d<‘S'eIopcd mouth wliicli 
is horizontal and inferior. TIk^ ey(\s are very prominent. flie auditory vesicles 
and the notochord are clearly seen. 4’h(‘ yolk-sac, which is almost round, ranges 
in diameter from 2(30 to 925 micra.. The oil globule is still present even though 
reduced in size. The fin fold is rather broad and on the dorsal side* it starts from 
opposite the middle of the yolk-sac and is (continuous with thc^ ventral fin fold 
which stops at the vent. From the vent there is anotlier short fold extending 
up to the posterior margin of tlu^ yolk-sac. The tail is rounded. riie vent is 
situated almost at the middle of f-he body, lieing slightly cdoser to the tip of 
the tail. 

The larvae exhibit a characteristic pattern of pigmentation that is common 
to many of the larv^ae of gobies. 'The xanthophores which were jiresent on the head 
region have disappearecl. All the rnelanophores which were (^lescribed in tin pre- 
vious stage are still present. On the dorsal side are three rnelanophores, the last 
one being the largest. With it is assoc^iated a xanthophore. On the ventral sidci 
are eleven rnelanophores and associated with the fourth and eighth are xantho- 
phoros. Along the ventral side of the alimentary canal, at the place of junction of 
the fin fold and the alimentary canal are distributed six rnelanophores and usually 
seven or eight rnelanophores can be seen on each side of the yolk-sac. The upper 
part of the air bladder is covered with rnelanophores and a few xanthophores thus 
presenting the characteristic crescent shaped black area on the upper half. The 
larv^ae are exceedingly active and are positively phototropic. 

This detailed description of the larvae is made, in part, to facilitate the identi- 
tication of the larvae of Clevelandia ios that ma}'^ be taken in nature in future studies. 
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I he larv^ao surviv^ed ii\ the laboratory for ten davs. Dilferent juetliods won^ 
tried to keep them alive longer but all attempt.s failed* ddioy wore kept at a fairly 
constant temix^rature ranging from to Ih.o'C. The water was (*hang(Hl every 
twenty-four hours. In one lot the water in the bowl was kept gordly stirred witli 
the aid of a plunger, while the other lot was left undisturbed. The result was the 
same in both cases. Different types of fooil, sucli as, algal spores, nauplii, sea uri*hin 
blastulao and diatoms of different species were provided. Occuisionally plankton 
hauls were made and the v^nrious small organisms present in it were also given as 
food. An examination of these larvae showed that thev^ were not feeding. Their 
alimentary tracts \ven^ completely empty exce]>t for one specimen. Fn another 
attempt to rear the larvae, six of tliom were left in a bottle i*overed with fine bolting 
silk, which permitted small organisms to get in but at thes amo time prevented tlu^ 
larvae from escaping. 'This was left floating on the surface of the si^a with the In^l]) 
of a wooden raft. The complete equipment is shown in FM. TII, Fig. Kb This was 
left approximatedy 200 yards from the shore. Th(‘ larvae, were periodically 
examined. Although this method provided the larvae, all the time, with fresh 
sea w^ater and presumably enough food, all of them died within a period of nine to 
eleven days. Owdng to many difHculti<\s in keeping such ecpiipment in Elkhorn 
Slough no attempt was made at rearing the larvuie in the Slough although it might 
have prov'ed more successful. Twa> stages in the growth of the larvae are doscrilxMl 
below. Th(‘, larva sliowm in Fig. *12 is si.x ilays after hatching and measurcMl .‘1.5 mm. 
in total length. It has undergone only slight (dianges from the newdy hatched 
larva, ddie general shape of tlie head has (dianged and has become more pointed. 
TIu^ position of the mouth shifted slightly to terminal and more' or less oblique. 
The quantity of yolk has been reducecl considerably. The oil globule, even though 
still persistent, is extremely small. Owdng to the more rapid growth of the tail 
region the vent is mindi nearer to the head than to the tip of the tail. The tail is 
still rounded and the continuous lin fold remains broad. Of the three melanophoros 
on the dorsal side, tw^o of the smaller ones have disappeared. 

Figure ‘l.*l and PI. TIT, Fig. 14 show a larva measuring ll.O mm in total length. 
No great advam^e over the ])receding stage is shown. The larva is ten days old 
at wdueh age all of them died. The yolk is completely absorbed. Idle air bladder 
has slightly ima-eased in size and so also have the pecdoral fins, which the larva 
uses quite activ^eiy. During this period the larva increased approximately 1.2 mm. 
in total length. 

The next developmental stage oF)tained was post larval, averaging about 
7.00 mm. in standard length and 7.75 mm. in total length (Fig. 34). Throe of these 
w ere collected from Elkliorn Slough, with the aid of a plankton net , on 7th July 
1047. The larvae are still transparent. The mouth has become quite oblique 
and the skeletal elements are fairly well developed. The fish are still transparent 
tmougli so that the vertebral ciolnmn can be seen and thirty-five vertebrae (^an be 
(ounted. Through the body wall the air bladder is still perceptible. All fins 
except the first dorsal and the ventral fins are well developed. The rudiments of 
the ventral fins show as light thickenings on tlie ventral surface immediately 
below the base of the pectorals. The spinous first dorsal fin is not yet formed. 
4'he caudal fin has become truncated and has a straight posterior margin. Twelve 
rays can be counted in the second dorsal fin, twelve also in the anal fin and fourteen 
in the caudal fin. The hypural bone and the urostyle can be clearly made out. 
The membraneous fold of skin on the ventral side in front of the anus has begun 
to decrease in width. The dorsal fin fold is still continuous with the posterior 
half of the ventral fin fold, but at certain places it has begun to decrease in width. 
Yellow pigments are found in association with melanophores especially with the 
one on the dorsal side and the ventral group behind the anus. Even though the 
pigment pattern remains basically the same, slight alterations have taken place. 
The individual melanophores on the ventral side behind the anus have fused to 
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form a streak vvh(5reas tlu)s«^ below the alifiH‘ntary trael still remain separated. 
There has appeared a pigm(*nt sj»ot on the ehin below the middle of th<‘ eye 
and the pigm(‘nt.s on the caudal Hn are clearly seen. Tlie auditory vesicles are 
still visibl(‘ from tlu^ outsid(* and it is interesting tf. note that tlie posterior otolith 
has grow?* to be larger than th<^ anterior oiu^ 'fhe same cmidition has been des- 
cribed in the post larval stage (A' ('hasmirkthifs ffulosus, measuring b.T mm. in length, 
by NTakaniura (19’Jb). 



2 mm. 


Fig. 28. 
Fig. 2<). 

Fig, 30. 
Fig. 31. 
Fig. 32. 
Fig. 33. 
Fig. 34. 
Fig. 36. 
Fig. 36. 

Fig. 37. 


Tkxt Fo. T) 

.A well developed embryo showing tho fin fold. 

An adv^anced embryo with the rudiment of })eotorHl fin and melniiophoros in 
tho tail region. 

A newly hatched larva. 

The dorsal view of tho newly ha tidied larva. 

A larva six days after hatching. 

A ten day old larva. 

A post larva 7.0 mm. in standard lengtli. 

A post larva 9.76 mm. in standard length, 

A spooimeu 10.75 inm. showing the develo])inciit of the first dorsal fin and the two 
separate ventral fins. 

A juvenile 14.00 mm. in standard length showing all the essential characters of the 
adult. 


It is not long after this before the adult characters are established. A speci- 
men 9.75 mm. in standard length is shown in Fig. 35. The body is still more or 
less transparent and such internal structure as the vertebral column and the air 
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bladder arc still clearly visible as in the previous stege. The tin fold \vhi(*h was 
persistent and eoiitinuoiis in the earlier stage is no longer continuous. The first 
dorsal fin has not yet develo[>e<l. Ft is interesting to note that the fin fold at the 
place where the first dorsal tin is to appear, is absorbed (‘oinpletely, while at the 
same time it j)ersists (audad and all th(‘ three tins vi/.. the second dorsal, caudal 
and anal, are developcMl from it. Tlio same has b(‘en observcnl in (^h(ismichtJu/s 
doJichogmithus by Nakamura (1939). The tin-rays in tht' three tins just mentioned 
are quite detinite. The pectoral tins show indications of the development of rays. 
The ventral fins, however, are still in the forn» of two buds. The auditory vesicle 
is no longer clearly visible from the outside. 

The pattern of distribution of pigments has (thanged. 'riiero are no pigments 
on the dorsal margin of the body. Along the ventral si<le there are two hhivk 
pigment spots in the head region, about nine from the base of the operculum to 
anus ami about six along tlie base of the anal fin. 

Fig. 116 represents a tisli measuring It). To mm. in standard hmgth. The impor- 
tant changes from the previous stage are, (I) the a.[)pearanc(» of the spinous dorsal 
fin which has only three spines at this stage (2) tlie ventral tins havt^ developed 
furtlior and are visible as two se])arate fins in closi^ proximity, (2) the eyes have 
moved slightly dorsally. The remaining characters are almost the satne as in the 
provdous stage exco])t that Ind ween tln‘ ventral fins and t he anus there are fewer 
melanophores. 

All of the essential aflult external characters are devtdoped in a juvenile measur- 
ing 14.0 min. in standard lengtli (Fig. 27). Tlie fins are fully dovelo^xal with the 
cliaraoteristic number of fin -rays. The ventral fins liave fused to form a single 
fin. The distribution of tlie integumentary pa])illae has assumed more or less the 
ty]hcal form. The eyes have practically moved to th(^ position taken in the adults. 
Thus, at this stage the species can be identified witli certainty and, in a})x>earance, 
the juveniles resemble the adults except that they are less heavily pigmented. 
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STUDIES IN THE OIIDER ITPERAl.ES. IV. A EONTRIBU ITON TO 
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(( 'oiniiuiaicatcHl ))\' Ci. \\ Majiinidar, F.N'.l.) 
{Rrcrired J ah/ : read (hiohvr //, JUoS) 


Ahsthac r 


Aimtoniy <)(■ tlio \<>golivtivo <‘rgans ot llirtH’i H)>oc.ies dT lias Ixhmi sluditsl. It has 

ohsorN’ixl that all tha throo spocies agroo in goiu'ial anaUanical I’outures. 'Pho axis is 
•syiiipoflial, (U^neially aioro than hvn Ica.t traces are prosoiit \vhi<‘h may or may not be oT the 
same si/,e. Stipul(*s tlo oixair in l\ . l*iper too is t^xceplional in ha\ ing a single ]>rophyll. 


INTUODUCTION 

'File genus afltu* whit^li f lic faniily and tlio order are named, is the best 

known genus of the faniily perhaps lor its sitientilic^ and (;onimereial importau(‘e. 
Mu(‘]i of f lic publislied work Ind’ore tlie beginning of the ])rosont (century e.onfined 
to taxonomy, but in reecuit ytuirs (unbryology and anatomy too received some 
attention. Uhibbor (19115) gave an act^ount of the morphology and histology of 
f he vegetative organs of Pljxrhetle. Rousseau (1927) studied the nodal anatomy 
of a number of species of Piperah^s and discussed the interrelationships of diU 
f(‘reiit genera of the order. Goebel (19‘H) described tJio vegetative and flowering 
stems of Pi])fr species and interjirefed the sti})ules as axillary, ddie present con- 
tribution is the continuation of a seric^s that was started sometime ago and deals 
vvdth the vegetativ e anatomy oi' Pi lony inti , Pi/x r Jxdle and Piper siihruhriMpicmn. 

Matekial and Methods 

Tlui materials of P. hellc^ P, lomjiitti, P. suhrubris/tlcutti preserved in F.A.A. 
were kindly supplied respectively liy Mr. Y. K. Murty, Mr. S. K. Goswami and 
Mr. K. M. V^aid. The author’s own collection included P. lonejum and P. suhru- 
bri.^picuni from iSaharanpur and Dehra Dun respectively. Serial transverse and 
longitudinal sections, 10-12 micrcms thick, were ( ut and stained with safranin and 
fast green in the usual manner. 


Observations 

Extertuil Morphology. While P. subrubrispicAitti and P. longum are erect or 
rambling shrubs P. belle is a liana climbing by adventitious roots and thriving 
well in moist shady localities. This latter species is commonly cultivated in India 
for its leaves that are chewed. The nodes are conspicuously swollen and the inter- 
nocles are somewhat cylindrical. In P. siibruhrispicurn the nodes also have a large 


1 Based on a portion of a thesis accepted for a Ph.D. degree of the Agra University. 

^ Research contribution No. 16 from the School of Plant Morphology, Meerut College, 
Meerut. 
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scaly structure, the piophyll, vvliich surrounds the axillary branch and reaches 
a length of about 4 cto. It is convolute, with a prominent mid-rib which ends in 
a point far below the aj>ox. T he leaves are alternate, simple, cordate palmately 
veined with a short jxUiole. Tlio stipules are visible only in P. hetle. 

Ve<je.lativt AwUonnj. Adult internodc^s of all the three species studied agrtM* 
in general and especially in the arrangement and stru(;ture of the vascular bundles. 
A thick cuticle is seen outside the single- layered ejhdermis. Tlie epidermal cells 
in P, suhrubriHpicuni are uiuxpial in size and those of P. f^ tle are papillose. Typical 
three-cellefl hydalhodcs with a bailoon-like or disediko apical cell {P, betle) and 
bicellular (P. betbi) or multictillular (P, lon(futii) trichomes (hairs), are commonly 
found on the surface. 

The cort(^x in P. loHijunt is distinguishable into 2 7 layered coilemhynia and 
s(5\ eral layc^reil jiarenchyma. Sometimes this |)arencliymatous region shows 
lobed outline due to tfu^ jiresence of vascular bundles immediaU4y beknv. In 
P. bellf' and P. ^sHbnibrispimm (Fig. J) this is distinguishable into three more* 
or less <listinct regions: (I) outtuniost region of about tJiree layers of parenchyma 
whi< h may also s1k>w sonu^ stoiU: c(4ls in tlu^ latter s])ecies : (2) a middle region of 
2-3 layers of chloreiichyma with inter-cellular spaces {P. subnibrispicutn) or d-O 
layers of discontinuous colleiuliy rna (P. beth ) and (3) an innermost region of h-9 
layers of colkuichyma (P, snbrubrispinnn) or 4-b layers of parenchyma with som(‘ 
chloroplasts {P. betb ), Se( retory cells (oil cells) are also observecl in the cortex. 
No definite pericv<^le or (uidodmanis could be seen. Clubber (1913) described a 
delinitf^ endochuanis in \ery young stems of P. Ixtlr and he also interjiroted the 
parenchyma cells below the collenc.hyma region as ])eri(*ycle. 

There is a vi ry ( ()nspi<*u<ais nuu^ilage canal in the centre of (lie intornode ol’ 
P. .sf(brabrl.spi(‘u Nf (Fig. 2) and I\ fxUe (Fig. 3) but none in P. longunt (Fig. 4). fn 
addition to this a ring of smaller canals is also found in P. belle separating the two 
rings of vascular bundles. 

3'he numerous vascular bundles which ar<‘ (ollateral and open, are arranged 
in two (P. lo)i(jfifn, Fig. 4, and P. belle. Fig. 3) or three (P. xf/hrubrixpicinx ^ Fig. 2) 
<M>m!entri<! rings. The bundh's of the outermost ring an^ always greater in numlx^r 
than those of Hu* inner, but they are not uniform in th(‘ir size. This ring has about 
Id bundU'S in P. loxfpnti, 2d in J\ lx lie a.nd more than .3d in F. sxbrubrixpieinx . 
'fhe second ring consists ot 3 d bundles in 7^. longxni and aliout It)- 1 2 in P. helb , 
In P. xubrubri'^pieuw botli the second and the third rings show 10-12 bundles 
each alternating with one another. 

It is interesting to note that one of the bundles of the inner ring in P. befb 
is transversely oriented or twisted through OO"" (Fig. 3). Chibber (1913) rejiorted 
several such twisted bumlles in the same species. 

All the three speci<^s agree in the formation of anastomosis and connecting 
bridges between the vascular bundles of dilTerent rings of the internode ; in ha\ ing 
d or more leaf traces and sympodial growth. However, they differ in details of 
the nodal structure and hence the three species will bo treated separately. 

In P. longinn all the bundles in the sub-nodal region undergo some branching 
and anastomosing (Fig. d), those of the two rings fusing freely by connecting bridges 
and forming a nodal plate or plexus. Five bundles then diverge out from this 
plexus as leaf traces (Figs. 0-8). Sometimes there may be eight of these but tijc 
additional bundles are very small and disappear sooner or later by fusing wdth the 
adjacent ones, bringing the number to d or 0 at a higher level. With the d(‘par- 
ture of the leaf traces into the ]>criphory of the cortex the rest of the bundles resolve 
themselves into two groups. The group adjacent to the leaf traces has many 
small bundles w4iile the one aw^ay from it has a few large ones (Fig. 8). The former 
supply the axillary branch and the latter the main axis (spike). From the axil- 
lary branch some traces move laterally and they constitute the vascular supply 
to the prophyll and its axillary bud. The prophyll which has about 9 poorly deve- 
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Text-fig. 1 . 


Fig. J. A part of a cross-section of intemode of P. subrubrispicum, x 150. 

Figs. 2-4. Respectively cross-section of internodes of P. subruhriepicum, P. betU and 

P. longum* Note the mucilage canals and inverted bundle in (Fig. 3.T). 
Figs. 2 & 3x 12 ; Fig. 4x24. 

Figs. 5-8. Serial cross-sections of a node of P. hngutn showing the leaf traces and prophyll 
formation, x 24. 
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Fig«. Serial transverse sections of a node of P. longum sliowing the separation of 

loaf base, prophyll, prophyll bud, main axis and axillary branch. XlC. 
Figs. 13-19. Serial transverse sections of a node of P. suhrubrispicum. Note the size and 
arrangement of loaf traces, x 8. 

loped bundles, and its rudimentary bud follow the leaf base in their separation 
from the node (Figs. 8-12). 

In P. subrubrispicum the bundles in the sub-notlal region show some enlarge- 
ment and then branch and anastomose forming connecting bridges with the outer 
ones (Fig. 13). The central mucilage cavity that runs through the internodo 



TO THE STTDY OF VEQKTATIVE ANATOMY OF THREE SPECIES OF PIPER 35 

gradually decreases in size and finally rlisappears at tlie node being replaced by 
parenchymatous pith (Fig. 14). Though fher.> ai.pears to be three rings of bumlles 
even at the node they are different from those of the iiiternode. Tlie outermost 
ring coiisists of the smaller bundles originally placed in the outer ring of the inter- 
node. J he second ring contains larger bundles belonging to the outer ring of the 
internode. The third ring contains the bundles of tlu‘ st^cond and the third rings 
of the internode irregularly arranged (Fig. 15). 

Simultaneously with this reorganization, a group of bundles appears to move 
off to oim side of the node (Fig. 14). Later on that part of the axis (containing this 
group of two rings of bundles seyiarates as the main axis and then functions as the 
leaf-opposed spike (Figs. 15, 16). 

As the spike is being separated from the node on one side, the leaf traces and 
the leaf-base are being organised on the other. Most of the bundles of the two 
outer rings of the node numbering about 20, move out as leaf traces. The rest of 
the bundles of the node show some branching and reorganise^ roughly into two 
rings (Figs. 15, 16). Luring this process some bundles that ('onstitute supply to 
the prophyll (Fig. 17) are left in the cortex on the side opposite tlu^ leaf base. 
The leaf base clasps all round the node exce})t on the sidt^ where the main axis is 
cut off. It has alternately largo and small bundh'^s, the latter being pla(‘(^d more 
towards the abaxial side. 

With the separation of the hmf ])ase, the pro})hyll and its bud make their 
appearance and gradually separate from the axillary branch. The prophyll bud 
receives several minute traces from the stele of the axillary branch (Figs. 18, H)). 
I he bicarinate prophyll has more than 10 layers of parenchyma in which oil colls 
are scattered and contains about 12-15 small bundles on either side of the midrib 
(Fig. 19), one of its margins is overlapped by the other. The axillary branch does 
not have any central canal at its base but it appears at a slightly higher level. , 

In P. befle the bundles in the sub-nodal region enlarge somewliat in size and 
become surrounded by a fibrous sheath. On approaching the node those of the 
outer ring branch and anastomose (Figs. 20-22). They develop connecting 
bridges between themselves and between those of the inner ring and send off seven 
large alternating with four small leaf traces into the cortex (Figs. 23-25). In addi- 
tion to these 1 1 traces there pass out, into the scarious margins of the leaf base, 
two very small traces one on each side (Fig. 23, St). 

The twisted bundle (Fig. 20) that is so constantly seen in the intornodal region 
appears to become normally oriented and merges with the bundles of the inner 
ring. It is thus not visible in the nodal region. The central mucilage canal be- 
comes very much elongated transversely and the peripheral ones merge into la^rger 
groups (Figs. 21, 22). Just above the separation of the leaf from the nodeithe 
central cavity again becomes very small but it never disappears completely (Fig. 
25). * ' * / 

Some bundles on the opposite side of the loaf diverge out a little but soop dis- 
appear without separating into a distinct structure (Fig. 23, B). In all probabi- 
lity this is the abbreviated continuation of the main shoot. The growth of the 
axis thus appears to become sympodial. With the separation of leaf base, the 
axillary branch also shows its first leaf, the prophyll, and sends off some very 
rudimentary traces for the prophyll and its axillary branch (Fig. 25, Pr.). 

The structure of the petiole is almost similar in all the three species studied 
except for minor differences. It is more stout in P. betle and P. suhrubrispicuVn. 
It is generally plano-convex in corss-section with a central groove on the adaxial 
side which varies in depth in diflferent regions of the petiole of different species. 

The petiole has a single layer of epidermis, the cells of which are slightly papil- 
lose in P. betle. Hydathodes are more common in P. betle. Just below the epi- 
dermis there is a discontinuous layer of stone cells in P. mbrubrispicum . Collen- 
chyma is well developed in discontinuous patches in P. subrvhrispicum and in P, 
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Text-fig. 3. 


Flgi. 20-25. Serial transverse sections of a node of P. betlc. Note mucilage canals and stipula 
traces, x 10. 

Pig, 20. Cross-section of a petiole of P. betle showing the stipule, x 20. 

Fig. 27. Cross-section of a petiole of P. betle showing the stipular traces, x 13. 

Fig. 28. A part of transverse section of a leaf of P. longwn. x 229. 
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betlt those below the upper epidermis are typical ly tabular restunbliug in their 
arrangement cork etdls. Se(*retory cells and calcium oxalate crystals ai*e found 
scattered in tlio parencliyma region. The vasc-ular bundles of tlu^ petiole rescunble 
those of the internode but they have [)oorly dc\'oloped eainl>ium. (^lubber (19K1) 
biuidles in the petiole ol P. beile to be schizostelie. Their number 
varies somewhat, lliere may be 4-5 bundles of almost of tlic same si'zt* and occur- 
ring in open arc (P. longam^ l^igs. lo, II): seven large alternating with four small 
bumlles in addition to the two minute stipular ones [P.brtlv] . and 11 large alter- 
nating with 8 small bundles (P. subrubrispiciun). 

1 he vascular bundles especially those at the inargins of tlu' (»ptm arc sliow 
branching and fusion bringing al)out \ariation in tiuur arrangement and number 
(Fig. 2()). This generally results in their arratigemenl in a ring (Figs. 12 and 27). 
These extra bimdles are always small and vary from 2 ti. Jn P. belle a mucilage 
canal is seen inner to each of the largc^r bundles at thc^ base of the ptdiolc (Fig. 27). 

The lamina is palmately and prominently 5- many vciiu'd. Some collenc'hyma 
is seen in the midrib region and below the veins also. 'The epidermis is thick- 
walled with a cuticle. The j)alisade is one (P. lomjuni. Fig. 28) or two (P. sub- 
rubrlspiruni) layered, followed by .‘1-4 layers cd* spongy parenchyma. vSecretory 
cells are confined to this rc'gion. Stomata are on th(‘ abaxijil surface^ aiul their 
guard-cells show upper ledges. 'The vascmlar bundles n^semblc' those of the ])(‘tiole« 

Disc ussion and (/ONCu.csions 

Anatomy of the adult internodc^ does not warrant any cletailcd comments. 
Vbw'iations in the number and arrangement of bundles in (he intern(Klc‘, ami in the 
behaviour of the nuiculage c anal when present, appe^ar to be distinctive of different 
species and these have been c-onsidcwcnl by SVderoder (1908) and Mc.t(‘alfe and Clialk 
(1950), as of sufficient taxonomic value in delimiting the s])ecic^s of r. 

The structure of the node also is somewhat distinctive of different spcicic^s and 
can be determined by the number (T leaf traces, mucilage canals etc. As a rule, 
each node bears a leaf, a leaf-opposed spike, and a bucl which carries on further 
vegetative growth. The latter in turn bears a prophyll which has a bucl in its 
axil, almost at the lev^ol of the node of the parent axis. The rc4ationshi}>s of these 
different organs at the node though not externally visible are very clearly estab- 
lished by the course and behaviour of their vascnilar bundlc^s. There is little doubt 
that the leaf-opposed spike which has a (cylinder with fewer vascular bundicjs is 
the continuation of the main axis which has limited growth. The brancdi in between 
this and the leaf is naturally the axillary branch which carries thc^ sympodial grow'th 
further. Its first leaf is a propliyll which bears a bud in its axil. 

Chibber (1913) coffered a different interpretation of the node in P. belle. He 
considered the prophyll as a sc;ale leaf or sheath borne on the abbreviated internode 
and the normal leaf borne on an elongated internode. He, therefore, assumed that 
in this case the branch consists of abbreviated internodes, alternating with elon- 
gated internodes. Such an interpretation is obviously inc^c^rrect and is due perhaps 
to a misinterpretation of the prophyll whicth is borne not on the main axis ))ut 
on the axillary branch. 

There has been some difference of opinion as to whether stipules occur in all 
species of Piper or not. There is little doubt that they exist in Piper belle where 
each stipule receives a trace that immediately branches. 

Though no stipules or vascular supply is evident in P. longum a structure 
similar to the one found in P. belle is observed half detached on the upper surface 
of the petiole. Whether it is a rudimentary, reduced axillary stipule or simply a 
thin wing of the petiole is, however, difficult to say. 

In P. aubrubrispicum there is no evidence whatsoever of the presence of stipu- 
les. But in the arrangement of bundles in the leaf base it agrees with that of P. 
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tiliaefolinrn wliich lias been interpreted by Rousseau (1927) to be stipules. Out of 
more than fifteen bundles that occur in the leaf base of P, fiuhruhrispicum the 
smaller ones are placed alternately with thc^ bigger ones more towards the abaxial 
side. However, no alternation was seen in the last three bundles in the margins of 
the leaf base. Sinh an arrangement of bundles in a single file led Rousseau (1927) 
to interpret the margins of the loaf base in P. tiliaefolivrn as stipular in nature. If 
that is so then P. mihruhrispicnm also has stipules though it is doubtful if this 
much of anatomical evidence is quite adequate to interpret the margins as stipular. 

Prophyll or the first leaf of the axillary branch has been described in the 
majority of angiosperms. Dicotyledons have been regarded as characterised by 
two, and Monocotyledons by one prophyll. But many exceptions to this rule 
art* already on record (Arbor 192/> ; i\>ster 1932). Blaser (1944) discussing the 
morphology of Oy|>eraceae reviewed the previous work, the meaning, nature and 
variation etc*., in the })rophyll of angiosperms and came to the conclusion that it 
is a leaf or leaf-like structure and not a distinct morphological entity. 

Like many other excerptions Piper, too, like Peperomia (Murty, 1958), has a 
single prophyll. Foster (1932) considered the single bicarinate prophyll in Carya 
as double on the basis of vasculature and })resence of two buds. Similarly Arber 
(1925) interpreted some of the ])rophyll.s of Monocots to be double. But in Piper 
it is really a single structure as it has a single mid-vein and one axillary bud. In 
the past xjrophyll has been equated with })arts of a fully developed leaf (Do 
Candolle 1800 ; Rousseau 1927). This is ax)parently a Avrong approach. 
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Legend 

A — axillary bud ; B — main branch ; Chi — ehlorenchyma ; Coll — collonchyma ; 
leaf base ; Lt — leaf traces ; me — mucilage canal ; P — petiole ; Pa — parenchyma ; Pal — palisade 
Pr — prophyll ; Prb — prophyll bud ; St — stipular trace ; Sti — stipule ; T — inverted bundle. 
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Abstract 


The root nodules altnolieil to the small pieces of roots absorb nitrogon at a very high rate, 
when compared to those detached from the roots. 

The attached I’oot nodules show marked increase in total nitrogen and amide nitrogen, 
which is not noticed in the case of nodules detached from the roots. 

Nitrogen can be fixed only by the nodules attached to small pieces of root. 


It is coininoM knowledgo that leguminous plants have the })o\ver to Hx atmos- 
pheric nitrogen through the agency of symbiotic bacteria in the root nodules. This 
was noticed, as early as 1853. by \’ille (1853-1857) and continued by Hellriegel and 
Wdlftirth (1888). In this investigation the influence of detachment of the root nodules 
from the host^ on their nitrogen lixation, was studied umler anaerobi(; conditions. 


Experimental procedure 

liandomized samples of two months old plants of Siinnhemp, brought from the 
held immediately before the start of the experiment, served as the source of 
material. The root nodules of equal size were used. Nodules wore detached in 
distilled water by the help of a pair of scissors, taking care not to take any root 
tissue with them. A study of nitrogen absorption was carried out with Warburg 
manometric technique. The analysis of nitrogen fractions was carried out by 
the micro-kjeldal apparatus on fresh weight basis. Two sets of experiments were 
conducted. 

1. With nodules detached from the roots. 

2. With nodules attached to small pieces of roots. 


Kksults 

Nitrogen Absorption : 

Fig. 1 represents the nitrogen absorption of detached and attached root nodules. 
A careful study of the nitrogen absorption curve, in the case of detached root nodules, 
shows that abosrption starts at a high level (0.8 /i), but falls gradually to zero after 
60 minutes. No absorption is observed in the next 10 minutes. Thereafter, a 
negligible amount of gas is absorbed, which comes to a standstill after the nodules 
have been in nitrogen for 120 minutes. 

The rate of absorption in the case of attached root nodules starts with a very 
high value (1.9 /i) and remains unsteady, yet high, for fifty minutes. Then the 
absorption rate follows a uniform course but at a very high level. 

VOL. 25, B, No. 1. 
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TIME IN MINUTES (scale reduced to 4 times) 

Text-fig. 1. 
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Chemical Analysis : Total Nitrogen : 

The iinalysis of total nitrogen from (ietaehed root nodules after anaerobiosis 
in nitrogen atmosphere, does not show any inorease in total nitrogen, irroapoctive 
of the duration in nitrogen atmosphere. 

The nodules attaehed with small pieces of roots (Fig. -) when kept in 
nitrogen atmos{))iere and analysed for total nitrogen (only the nodules taken for 
analysis) show a totally o])posite result. Fn this case a large, amount of increase 
is observed over the control. This increase in total nitrogen increases with the 
increase in the period of anaerobiosis, reaching its maximum after 20 hours. A. 
further increase in tJie period of anaerobiosis does not exhibit any increase in 
total nitrogen. 
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No increase in total nitrogen was observed in hydrogen. 

Amide Nitrogen : 

Amide nitrogen (Fig. 3) also increases when the root nodules attached to small 
pieces of roots are kept in nitrogen atmosphere. The amides increase with the in- 
crease in the period of anaerobiosis upto 20 hours. Thereafter no increase in amides 
is noticed. 
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The hydrogen iitinospliero Hcein.s to hav e no effect on the amides of root nodules 
detached from the roots, or attached witli small pieces of roots. 


Discussion 


When nitrogen absorption curves in both the cases are com])ared, it is found 
that the rate of nitrog(*n al>sorption in the case of detached nodules can be taken 
as negligible as com])ared to the rates of absor])tion in attached nodules. Uptake 
of nitrogen in tlie case (d' deta(died ones is low in the beginning and gradually falls 
to zero. On the other hand, in the case of attacdied root nodules the consumption 
of nitrogen is (juite different. Here continued absorption of nitrogen is noticed. 
The latter is comparatively low (though much higher than that observed in the case 
of detached root nodides) in the beginning of the experiment, but increases after 
fifty minutes and (jontinues at the same rate for a considerable time. The slight 
absorption of nitrogen in the excised nodules can, therefore, be attributed to its 
solubility in the nodule sap, which may not be fixed by nodules at all. 

Idle chemical analysis of total nitrogen and amide nitrogen reveal that the 
nodules, attached with small pieces of roots, can fix nitrogen in nitrogen atmosphere. 
The maximum period of fixation is 20 hours, beyond which no increase in the uptake 
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of nitrogen is noticed. This could inohahly he due to tlie eiirtailineut of the trans- 
location of the end products of tixation. resulting in the retardation of the process. 

There was no increase in the aniide or total nitrogen in hy<lrog(ni atmosphere. 

The detached root nodules did not show any incrt^ase. This would point to 
the possibility that the available carbohy<lrate necc'ssary for the fixation of nitrogen 
present in the nodules at the time of the detachnumt might have been exhaustcfl 
during respiration. The plant does not show any decuoase in nitrogen : but vven^ the 
experiments to be conducted for a longer piTiod a (h'cn^aso in the nitrogenous com- 
pounds is likely to ])e detected owing to their formation as respirable substrates. 
This work is at variance with Bond (1957) where he found that tlie exeised nodules 
of casuarina fix nitrogen for a few hours. 
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METABOLIC CHANCES IN POI’A'I’O TUBERS UNDER ANAEROBIOSIS 


S. Ranjan, F.N.r. A lldhahad I ■ n Irr I ty 
and 

UfMLA Bitdhraja, flovirnincnt for Ludhiono 

(Hrcf'ivrd. Juw' 17 : rejul Auyusl M) ^ IlhjS) 

Abstract 


When iiorobioHiH is followed by iiriatMobiosis (bo rato of (;Oo oiitpur rise s H>)rup(ly and then 
slowly falls to a lower level. 

Alcohol is formed in (he tissues ehiriiig tii'st hour of anaerobiosis, hut does not increase 
with duration of anaerohiosis. hact iir acid accuinulatoH when potato tissues are kept in nitrogen. 

Aocmruulation of la<5tic acid may be inhi}>i(ing th<^ output <d carbon dioxides under anaero- 
bic conditions. 

Plant tissues brought into air after a brief period of anaerobiosis, show a rate 
of CO.^ output which is far higher than that in air liiu' (Parija 1928, Barker and 
Saifi 1952). In the present investigation an attempt has been made to compare 
the catabolic changes in the potato tissues, brought to air after a period of anaero- 
biosis, with those in presence of air. 


Material and Methods 

Respiration of potato tubers (Var. phahva), in presence of air anid without, was 
detorniined by Warlmrg manortietrio technkpie. Discs of mm. thickness and 1 
(till. dia. were (Uit from the tubers, from non-bud area, by means of a corkborer 
and hand microtome. Five discs were taken in each chamber in distilled water. 

The respiration rates of ])Otato tissue kept under anaerobic conditions followed 
by aerobiosis were studied at 28X^ and 35%/. The tissue was kept in nitrogen for 
40 minutes, and the gas was then Unshed out with air and the respiration rate in 
air was determined for 40 minutes. The process was repeated again. 

Estimations of Lactic acid were (tarried on by Smith and Coma’s method modi- 
fied by Barker and Saifi (1952). 

For alcohol estimations, the potato tissue was boiled for 10 minutes, crushed 
and then distilled. 

10 c.c. each of standard solution of alcohol viz., 0.05 per cenl, 0.1 i^er ( cnt, 
0.15 ])er cent, 0.2 per cent and 0.25 per cent were taken in jjyrex test tubes. To 
each tube 1 c.c. of 2 per cent potassium dichromate was added and solutions 
acidified with a few drops of sulphuric acid. The tubes were then shaken well 
and sealed. 

10 c.c. of the potato extract, was taken in a test tube and the reagents were 
added as described above. The solutions were then compared with the standard 
solutions with the help of photo-electric colorimeter. 

Analysis was carried on fresh weight basis. 

Results 

Fig. 1 shows the rate of respiration of potato discs alternately placed in ana- 
erobic and aerobic conditions at 28'’C and 35 °C. It is clear from the figure that the 
rate of CO^ output in nitrogen atmosphere is very high in the beginning, but falls 
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to a very low level after ten rninuten and then follows a eonrse at the same level at 
both Usnpenitures, I’he same tissue whcui exposed to air, shows a sudden rise in 
the rat<‘ of (’(X output. The repetition (if the same fact is observed when the potato 
dis(^s are placed under anaerobic! conditions once a^ain and brought })aek to air. 

Aloohoi. 

i,. 

d'he results of alcohol estimations an* depicted in Fig. 2 which shows that no 
alcoh(il is found in control jmtato tissues and those* which were kept iii nitrogen 
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lor three hours and then exposed to air for 1 hour ; while the potato discs kept in 
nitrogen for 1 and 3 hours, revealed 0.157 pe»- cent of alcohol. Potato discs kept 
in nitrogen for 3 hours and then exposed to air for 30 minutes showed 0.057 per cent 
alcohol. 


Lactic acid 

The highest amount of lactic acid is recorded in the tissues kept in nitrogen 
for 3 hours (Fig. 3). This is followed by the sets exposed to nitrogen .for 1 and 2 
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hours. The set which was kept in nitrogen for 3 hours and then exposed to air 
foi ^ hour showed the least amount of lactic acid, while the control and the tissue 

AMIDE NITROGEN INCREASE IN 
ROOT NODULES OV' SONHEMP IN 



TKXT-FUi. 3. 

kept in nitrogen for 3 hours and then exposed to air for an liofir, wei'e totally 
devoid of lactic acid. 

Discussion 

It is well established that the catabolism of carbohydrates in presence of air 
involves an initial break-down to pyruvic acid, which is followed by oxidation ol 
these products ; and under anaerobic conditions transformation of pyruvic acid to 
CO 2 and alcohol. Barker and Saifi (1952) from their experiments on potato tissue 
were able to conclude that under anaerobic conditions pyruvic acid is reduced to 
lactic acid and alcohol is formed only if the tubers were cut or otherwise injured. 

In the present experiments, lactic acid was found to increase with the period 
of experimentation but the amount of alcohol was at a constant level. 

CO 2 output always showed a rapid fall on being transferred to anaerobic con- 
ditions which remained at a low level throughout the period of anaerobiosis. When 
the tissue was brought back to air it recorded a steep increase. 'J^his (pastcur effect) 
was observed by many authors (Parija 1928, Barker and Saifi 1952). 

Since the experiments also show the increased production of CO^ in air after 
anaerobiosis, it is clear that there is a definite conservation of carbon in aerobic 
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conditjons and oxidation of the accumulated products (lactic acid). The chemical 
analysis of the tissues before and after the treatment of anaerohiosis shows that the 
anaerobic respiratioji is not identical to alcoholic fermentation, l>ut resulted in the 
formation and then accumulation of lactic aend (Fig. *1). Formation ot a little 
(piantity of alcohol, and accumulation of large (|uantitie8 of lactic acid explains the 
evolution of the low amounts of COo on exclusion of air. The liigti rate of CO 2 
production by tissue in air aft(T’ aijaerobiosis also indicates that the accumulated 
lactic acid probably has been oxidized to j)yruvic acid and through Kreb’s cycle 
to CO 2 and HaO. 

Aokn o w 1. 1-: I )( ; 1 m e n 'i 
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Abstract 


The change of pornioahility during hy])othermia whh invealigated after injecting xylone 
and inulin intravenously. The arterio-venous differences of tliese nonutilisnble «*ar>>o)\ydrates 
were compared in isothermic and liy|)othormic limbs. It was found that these' 8uV»stan<‘«'s 
diffused out of blood v’^essels and attained eipiilibrium with the extravascular coiuj)artinent , 
at a quicker rate, during hypothermia. Tn spite of conside^rablo d(5crc»is<' ot plasma v<jbinu' 
during hypothermia, the total plasma protein was diminished, iiulicating consid(‘ra>)h> protein 
loss from vascular compartment. Due to lower mole<*.ular weight the loss of alljumin was 
relatively greater thaYi other plasma proteins. 

Introditctton 

Investigations on tlie utilization of earbohydrato during hypothemiia ])rought 
to light several facts (Sen ei al.^ 1957). It wa^ observed tliat the arterio-venous 
difference of glucose in blood was increased during the initial stage ol hypothennia, 
induced either by extracorporeal method or by surface (tooling. During the sugar 
tolerance test, the pattern of arterio-venoiis difiference in tlie liy|>othernnc lind) 
showed some departure from the normal arterio-venous difference observed in the 
isothermic limb of the same animal. Relatively (packer removal of arterial blood 
sugar at the initial stage of hypothermia and slower removal at a later stage at 
the identi(;al sugar lev'el suggested an increased permeability of the capillaries to 
blood sugar. As glucose is an utilizablc sugar, its equilibrium in tlie tissue was 
influenced by a dynamic state of metabolh^ activity. Stimulation of heat prodm*- 
tion due to cold may considerably influence such event (Brody, 1945). A better 
interpretation could, therefore, be obtained by studying the arterio-vcinous dif- 
ference in hypothermia, with inert and m^n-utilizable sugars like xylose and inulm. 
Increased capillary permeability is also a likely factor to alter the protein ccjnifx)- 
nents of blood plasma, bcjth quantitatively and (pialitatively. 1 he total plasma 
protein and the different components were, therefore, studied both in hypothermic 
and normothermic blood. 


Experiments 

Cats weighing from 2-3 kg. were used in the experiments. They were an(^- 
thetised with intramuscular injection of urethane (2gm/kg.). io determine the 
change of permeability towards inert sugars like xylose and inuhn, cine ot the 
hind limbs of the urethanised cat was brought to the desired hypothermic condition 
by ice packing, while the other was gently warmed to maintain the isothermic 
temperature. The temperature of the deeper tissues was determined directly 
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with a ctnitigrade thernioinetcr. When the desired experimental thermal condition 
was attaine<l, 4t) per cent solution of xylose containing 0.5 gm/kg. body weight 
was intravenously injected in the femoral vein of the cats. In another series o- 
(‘Xperiinents, different amounts of inulin were injected iiitravenously. The arteriof 
venous differences of these sugars in the hypothermic* and isothermic limbs were* 
determined by estimating xylose (Drury, 1948) or inulin (Little, 1949) in arterial 
and vemous blood samples at different interv^als (Tables I and IF). Both cats and 
dogs were used for the study of plasma protein during hypothermia. 2 gni/kg. 
nrcthanci was used intrarnuscnlarly for am^sthetising the anitiials. Desired degree 
of Ijypotherjnia was ])roduced either by surfaces cooling or by extracorporeal method 
(Mukherjee rt al., 195(5). Blood serum and lieparinised blood plasma, prepared 
frorii the arterial l>lood of animals in hypothermic and j)rehypothermic condition 
were analysed for total protein (Hawk c/ n/., 1954). Different fraction.^ of ])lasma 
proteins were determined by pa|>er electrophoresis carried out with barbiturate 
buffer (/dl 8.(5 ionic strength 9.05) in 5 hours run at 8 mA current. Densitometric 
evaluation was carried on bromophenol ))lue stained electrophorogram (Table HI). 

Hbsults and Discussion 

Botli xylose arul inulin are non-utilizable sugars and are })erm(uiblc to the 
capillary walls. Inulin being of higher molecular weight diffuses out at a lower 
rate than xylose and its distribution is limited to a more restricted space. Like 
other unutilizable sugars, their rate of diffusion is governed by .simple j)hysical 
laws of [)enneability. Xylose being of lower molecular weight diffuses out of blood 
\ ossels at a quicker rate than inulin. For this reason the arterio-venous differences 
of xylose concentration are more remarkable in the hypothermic and isothermic 
limbs in comparison with similar observation in respect to inulin, recorded at 5 
minutos. At this stage, the removal of these saccharides from tlie arterial blood 
was groat(‘r in the hypothermic limb. In the later stage of oxjx)riment, however, 
the removal of sugar became slower in the hypothermic limbs, and in .some instances 
there were additions to the venous blood instead of removal. The above obser- 
vations suggest a quieker attainment of equilibrium in the hypothernuc limbs, 
w hen the concentration of saccharides was high in the arterial blood. This produced 
liighor extravascular concentration of xylose and inulin in the hypothermic limbs. 
Therefore, at the later stage of experiment the diffusion gradient in the hypotherinic 
limbs was more unfavourable for the saccharides to pass out of artery to the extra- 
vascular space. These data corroborate similar observations wdth glucose (vSen 
et ah, 1957). 

Altered capillary permeability produces changes in the concentration of 
plasma proteins. Plasma and serum proteins always decreased in the hy])othermic 
animals. In the ten cases studied decrease in serum protein ranged from 3.7 to 
17,7 per cent. Albumin, the plasma protein with low^est molecular weight, 
decreased in every case, the percentage of decrease in albumin was greater than that 
of total protein in all cases except in cases 1 and 8. In most cases the globulin 
fraction also decreased to slight extent, but the percentage of decrease was consider- 
ably lower than the albumin fraction of the lilood plasma. This is consistent with 
higher molecular weight of plasma globulins. It has been reported that in liypo- 
thermia there is haemoconcentration, plasma volume being reduced to a greater 
extent than the total blood volumes (Mukherjee pA al., 1957). So, even in cases 
where albumin and globulin concentration remained the same in normothermic and 
hypothermic serum samples, it meant some loss of albumin and globulin from the 
serum. The decrease in total protein in all cases and decrease in alburain/globulin 
ratio in 8 out of 10 experiments strongly suggest that an increase in permeability 
of blood vessels to serum proteins is responsible for serum protein depletion in 
hypothermia. 
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When relative change in concentration of individual globulin components 
of blood during hypothcrniia was similarly assessed, the results were not so 
consistent as to justify such sweeping generalisation as to indicate permeability 
being the only reason for all changes in plasma ])roteins. So many homeostatic 
mechanisms are at play during the induction of hyj)ot]iermia, that their total 
contribution may not be very insignificant at a particular moment. Cold stress 
for instance, liberates cortical horn\ones in the circulation. Some components of 
the plasma globulin may be electrophoretically aUo^t^d l)y binding a part of the 
cortical hormone (Sandberg, 1957). A thyroxine binding specific component is 
also present in the globulin fraction (Robbin and Roll, 1957). This may form 
a complex with the incrivased amount of thyroxine stHTefi'd during a])piicaiion 
of cold. Slight change in the eleetrophoretit* pattern may bt^ duo to addition of 
tissue components and complex formation. The increase in albumin/gloVmlin ratio 
in cases Nos. 1 and 8 suggests that removal of globulin by nuxiianism, such as 
deposition, may also be res]>onsible for complicating the globulin pi(;ture, 

Tabck T 

Arterio vpnons diffrrence of htiraiienously injecAed xylos^. (()..5 gm./k^. body ivffyht) In the 
isotherynic <tnd hypothermic, limbs of nrrthen i.s'cd cots. 


C^at 

No. 

MinutoB 
after 
i n je(‘tion 

(k\!mna 

of Xylose/ml. 

of blood 

Art(^rio-venonH differ- 
ence 

Art(*ry 

T.SO thermic 
vein 

Hypothermic 

vein 

tsoihennic 

limV) 

Hy pot her 
mic liiid) 

1 

5 min. 

770(36°O) 

720(3G°0) 

r>)o(28‘'cn 

-50 

260 


20 rnin. 

390(36“C) 

330(30^0) 

367(2«'^'4;) 

00 

23 

*2 

6 inin. 

.•)03(37°C) 

431(37*^0) 

300(27°0) 

- 72 

203 


20 min. 

20(i(37°C) 

240(37"0) 

200{27'’(') 

20 

- 00 

3 

5 min. 

740(3S'’C) 

080(38^0) 

51*(l(28''(.') 

m 

142 


20 min. 

4r>C(38°C) 

399(38°C) 

428(28‘'C) 

- .^>7 

-- 28 


Table IT 

Arferio-iHoious difference of intravenously hijeeted inulin in isothermic ai\d hypothermic 

limbs of urethenised cats 


Gamma of Iiialin/ml. of blood 


Arterio-venous differ- 
ence 


Cat 

No. 

lYii nuros 

after 

injection 

injected 

Artery 

Isother- 
mic vein 

Hypother- 
mic vein 

Isother- 
mic limb 

Hypotbta*- 
rnic iiml) 

1 

5 min. 

1 gm./kg. 

261-36^0 

226-30°C 

183-27“C 

-20 

- 08 


60 min. 

-do- 

121-36“C 

103-36°O 

133-27‘’C 

^19 

f 12 

2 

5 min. 

J gm./kg. 

3O4-30°C 

288-36^^0 

194-26°C 

-10 

-100 


60 min. 

-do- 

116-36°C 

1O6-30°C 

121-26°C 

-13 

+ 6 

3 

6 min. 

0.6 gm./kg. 

182-36*^0 

141-35‘’C 

103-27°C 

-41 

-79 

4 

5 min. 

0.5 gm./kg. 

170-36°C 

162-30°C 

110-28‘'C 

- 18 

- 00 


120 min. 

-do- 

103-36°C 

98-36“C 

IOO-28'’C 

- 6 

- 3 


Study of serum or plasmu protein in hypothermic animal 
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S.C. — Surface Cooling ; E.C.C. — Extracorporal Cooling ; A/G — Albumin/Globulin. 
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VASCULAR AXAIOMV I KLOWLR OF SPllESOi LKA ZEYLA^iPA 
GAERTN. AND SOME O'l HER RELAI ED SlVEiM ES’^ 


by 1). P. (JrrTA, Erhaol of Plant MorphobHjy. Ma rut 
(t^>iiu]ninicatiM{ hy W Piiri, F.N.l.) 

{R( vrirvd July : n^ad Drmntn r /), lilo.S) 

AliSTlCACT 


External niorpliology an<l \’ns<‘ular anatomy of llio flow or of S phr^iarlra Tjphnnrn alonj^ 
vvitli three 8i>tHa«>s of Lobdia and two species of Canipanubt lia\e Ix^at shiduHl. 

The sepals in S, ziylnniat and (\ httifoUit aro ou(‘ trar,* (>j-^':ans. the maij^iiail htindh's 
having boon derived as In’anches from the imnlian !nindl<\s. In Lohrlia spi'cii s and ('nm/Hinnln 
cnnescrnsy on the other hand, sepal marginal bnndl<'H arise conjoint \vd)» petal midrib bnndl<'s. 

Tn* ^pheyioden tl\e placental bundl<‘a are amphicribral whiW' tn ('(OnpunuUi there is a 
ring of vascular tissue with eiidarch orit'ntation which gises otf l»ranr)»eM tr> t)n' ])iac(>ma. Ii^ 
Lnbdiit, on the other hand, there is a solid ]irotoslt‘le wliich snpj^lics tlu' plncerda. 

The placental bundles in Sphvnodnt an* complett ly n1ili/ed in supplying tlu‘ placenta 
while in Canipanuht and Lobdia speci<‘s soirn^ remnants of placental strands continue up to 


the stigma. 

The present anatomical studies do not render any support lor 
Sphi'nodpa from Lobelia am^l (J am pan via , 


th<^ separation of 


Introduction 


The Hystonijitic. position of tho gonim »SV>A(o/or/m lias loni,' iittrai'lisl tlic. attoniion 
of botanists. Wiiilo En^'lcr (1897) and llutoliinson (192t>) plnccil it under a speeia 
section cainpanuloiiloae, Airy S'haw(l948) raised it to rank of a sejiarate lannly ami 
suggested relationslup with the PhytolaeeaiM-ae. Subratns.iiyatn (1950), on the 
basis of his oinbryological studies, supported a separate family for this genus, but 
he did not envisage any rolation.ship with either the T’b> I olaeeaveae or the 1 ri- 
inulaeeae, as was suggested by Airy Shaw(1948). i ; 

As nothing is known about tho vaseular a,natomy ol the flower ol *Sy./e;/M>r<ea 
and its so called relatives, on Profos.sor V. Puri’s su.ggestion. the floral anatomy "I 
this genus, and, for comparison, si>ecies of some other gi :UT,i, a,vjMlable have l.een 
invostigatetl. 

Matekiai, and Methods 


In all six species, e.g. Sph.nocha z.!,la,ura ( laertn , IMa 
L. mrdimdM Unn., L. erimi--<Unn., (’umparuila lahfohu Lmn. ami ^ ' 

canescens Wall, belonging to three genera have been ‘tft u A ,>f 

Sphenoclea was colleided from a poml about four 

Lobelia erinus from a local garden. Campanula lahjdm and t ',"'‘{.'^'/''''^A,»w.ies of 
were secured from the departmental collections. I he ma J'y p hjg 

Lobelia (L. syphilitica and L. cardinalis) were given to mo by 1 lof. \ 1 mi from 

collection; made in U. S. A. in 1950. xvlol 

All tiiese materials were fixed in F. A. A. and passed through ^ 

series after washing thoroughly in running water. Eaoh material was embo 


* Research paper No. 17 from the School of Plant Morphology, Meerut College, Meerut, 
VOL. 25, B, No. 2. 
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in paraffin, and cut into serial sections, 10-12 microns thick. The slides wore 
stained with crystal violet and erythrosin. 

Observations 
(^j)henoclea zeylaiiica Gaortn. 

The Floirrr and //s Va,iculur Anatomy : — The flowers are sessile, bracteate and 
bracteolate arratiged densely in lateral and terminal spikes. The sepals are fused 
at the base and tlie corolla is campanulate with five lobes. The five stamens are 
epipetalouH and alternate with petals. The ovary is inferior and bilocular. In 
each locule there are many ovules on stalked placenta that is obviously axile. Style 
is short with bilobed stigma. 

At the bas(} of th<^ flower there is a small plexus of vascular tissue (Fig. 2) from 
which three traces diverge out, one fiir the bra(;t and two for bractecles (Figs. 3-4, 
br.bri). A little higluir up, some ten or twelv^e traces diverge out from this plexus 
leaving a small amoui t of vascular tissue in the centre (Fig. 5). In this tissue the 
xylern elements are siattered and surrounded by phloem. At a higher level, 
this contra’ mass organiz(js itself in 3-5 (four being more common) amphicribral 
vascular bundles with xylern in tlie centre. Those are usually arranged in pairs 
on opposite sides (Figs. 6 7), But where there are only three, the odd bundle is 
larger than tluj other two, and (xusirs on one side, the other two being on the opposite 
side. It is interesting to note that while they are amphicribn 1 as a rule, they 
become inversely oritmted in some cases. The position and boliaviour of these 
buiKlles clearly indicate that they are ventral bundles of the carpels. 

[n a few cases, the central plexus organises itself into two concentric vascular 
bundles with xylern in the centre and phloem all round. These are situated on 
the septal radii and not laterally on either side. A little higher up, each of these 
bundles splits into two bi’anches which traverse outwai*d towards the placenta of 
their respective^ side. Those are apparently the ventral bundles of the carpels 
that remain fused in pairs in the lower region. 

In the ovule- bearing region the (*arpellary vontr*als diverge out into the cor- 
responding placentae which are well developed, pendent and ai‘e as long as bread 
(Figs. 7-lb f^v). They are (‘omj)letely utilized in giving out many ovular traces, 
Further up, the placentae split apart in such a way that two half placentae of the 
a<lja(^ont carpels remain fused together. An extremely narrow channel links up 
the two locules, and the ovary becomes unilocular (Figs. 10-11). Beyond the 
placental region the septae again fuse resulting in bilocular condition (Fig. 12). 

The ton peri})heral bundles in the ovary wall distribute themselves equally 
in two carpels. In cases where there are twelve peripheral bundles, seven pass 
into one carpel and five into the other. 

The ten peripheral bundles constitute the vascular supply of the remaining 
floral organs. Five of these, situated on sepal radii, split up tangentially into two 
each (Figs.lO-l 1). Wliile the outer ones of these daughter branches (Fig. 10, Sp) 
form the sepal midrib bundles, the inner ones, after giving a branch each to the 
ovary “wall” (Fig. 12, si), are destined to supply the antisepalous stamens (Fig. 11, 
St). The sepal midrib bundles also give off some branches laterally (Fig. 14, Sm). 
The other fiv^e peripheral bundles that are situated on petal radii give off some 
branches to the ovary “wall” (Fig. 12, si) and the rest form the petal midrib 
bundles, each of which sends off one branch on either side into the marginal region 
of the petal (Figs. 15, 16, pt. pm). The branches in the ovary wall traverse into 
the style and end in the stigmatic region (Figs. 15-18). 

The condition described above holds good for cases where there are only ton 
peripheral bundles in the “ovary wall”. It will be recalled that in some cases there 
are twelve such bundles which distribute themselves somewhat dififerontly. Two 




Text-kio. 1. 

Fig8. 1-11. Sphenoclea zeylanica. Fig. 1. Somi-dittgrammatic longitudinal Heetion of 
flower showing vascular supply to different floral organs. Numbers indicate levels at which 
transverse sections have been shown in figures bearing the same number. Figs. 2—11. Serial 
transverse sections of the flower from base upward. Note the migration of oarpellary vexitrals 
into the placenta in Fig. 8. 

Br-braot trace ; Brl-the trace for bracteoles ; ei^-ovule ; c?>-carpellary ventrals ; sp-- 
tsepal trace ; pt-petal trace ; iSf^nstaminal trace ; cd-carpellary dorsal ; p^-placental lobe* 
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r>8 

of th(? bmuJles pasn out dirortly into two Htcijnens and two other adjoining bundles 
ent(‘r directly into two sepals withoiit giving off aiiy staniinal trace (Fig. 13, 
Sp.St.). d’lins, this incr(*ase in the nunilxu* of peripheral bundles seems to have 
been brought about by a \(u*y early separation of the two staminal bundles from 
tiuur eerre.s[)onding s(ipal midrib bundles with which they are usually fused up 
to a higluT level. 



Tcxt-fio, 2 


Figs. 12 -10. /N. zeylanica. Serial t ranH\'erso sort ions of tho flowor (cont .). Figs. 17-18. 

Transvorst) soot ions of tho stigma. 

»S7- 80(5 ond ary lato?’nls ; for soj)al margins ; 7*7/^-trnoo for petal margin. 

Label la 

The. Flower and its Vascular Ayiatoyriy : — Tho three species studied are L. 
stfphUitica Linn., L. cnrdinalis Linn., and L. erinus Linn. The pedicellate flowers 
of Lobelia arc arranged in simple racemes. They are bracteate, each with an 
inferior bilocular ovary having numerous ovules on axile placenta. Tho calyx 
is five-partite and the corolla is obliquely bilipped, the upper lip being two-partite 
and lower three-lobed. There are five stamens with syngonesious anthers forming 
a ring round the style. 
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Text-fig. 3 

Figs. 19 3:!. Lohelici syphilitica. Fig. 19. Semi -diagrammatic longitudinal section o 
the flower showing vascular supply to different floral organs. The numbers indicate the levels 
at which transverse sections have been shown in figures bearing the same numbers. Figs. 20-31. 
Serial transverse sections of tlio flower from pedicel upward. Fig. 32. T.S. of the stigma. 
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The pedicel of Lobelia syphilitica contains a more or less complete ring of 
vascular tissue with xyleni differentiated at three places (Fig. 20). A little liigher 
up a trace involving one of the xyleni groups diverges out through the cortex and 
(Uiters the subtending bract in which it divirles further into some branches (Fig.21, 
br). After jiassing out the bract trac^e a ring of vascular tissue is formed 
(Figs. 22, 23). 

Ifighcr up, Honuit en unecpial traces pass out from the ring (Figs. 23, 24). They 
traverses obli([iu^ly upward from the receptacle and supply the peripheral organs 
at a higher level. A small amount of vascular tissue in the form of a ring is left 
in the centrt^ (Fig. 25). As th(^ ovary cavity is about to ajipear, the central vascular 
tissue becjoim^s com])act and ]>rotostelic with phloem surrounding the xylem (Fig.26). 
From this solid vas< ular core a branch is given out to a placenta on either side 
( Fig. 27). HtT(5in, it breaks up into small ramifications to form tlie vascular supply 
of the ovules (Fig.2H, ov). In some flowers the solid vascular core splits up in the 
v(uy beginning into two parts, each of which gives off a branch to its corresponding 
placenta. This branch ramifies a.ml forms tlu^ vascular supply of the ovules. Beyond 
the ovule-bearing region the sejita splits up in the middle and the ovary becomes 
unilocular. 

After sufiplying th<^ pla(!entae some vascular tissue is left at two places in the 
(centre. Theses strands migrate into the corresponding septal regions, and in doing 
so, betfome inversely oriented (F''igs.29, 30, TK ) and continue upward into the style 
for varying height along with two other bumlles. The latter two, occurring one 
on ea(rh sifle and in a phifn^ at right angles to the septum in the lower region of the 
flower, are obviously tlui (;ar])ellary dorsals wdiich have separated from the peripheral 
bundkvs during their u[)ward course (Fig. 20, cd). These bundles after traversing 
the styl(^ ramify j)rofusely in the l)ilobed stigma, and thus disappear (Fig. 32). The 
carpellary ventral traverse the style, upto varying heights, and branches in the 
upper region of the style. Each stigmati(^ lobe bears many hair-like processes. 

The ten peripheral bundles form the vascular supply of tlie peripheral organs: 
two of these give the (Uir])ellary dorsals in the lower region. Five of these, occurring 
on sepal radii, split u[) tangentially into two each (Fig. 29). The outer ones of these 
brancluis form the sepal midrib bundles whiles the iniuT ones, after giving off some 
branches to tin', carpellary ‘‘vvall”, supply the (corresponding antisepalous stamens. 
The other five alternating bundles, occurring on ])etal radii, give off two branches 
eacdi, one to each of the adjacent sepal margins (Fig. 29, pt, sm). Besides, they 
also send some braiuches to the carpellary ‘‘wall” (Fig. 29, si). The remaining ^Jortions 
form th(^ [)etal midrib bundles. Each ])etal midrib bundle gives two branches 
to each of its margins (Fig, 30, Pm). The sej)al midrib bundle branches further 
in the upper region. Tlie branches in the carpellary “wall” are the secondary 
laterals whiech may continue into the style for varying heights. 

The condition in L. card i rial is flower is exactly similar to that in L, syphilitica. 
The pedicel of L. erinus also has a complete ring whicdi gives off only six traces. 
These latter split up into ten peripheral bundles, as they traverse oblicpiely upward. 
In other respects the condition in this species is the same as in L. syphiliticM and 
Ij, cardinalis. 


Campamda 

The Flower aud its Vascvlar Anatowy : — The flowers in the two species of 
campanula, C .cavescens Wall., and C. latifolia Linn, are sub-sessile. They are 
arranged in panicled clusters (r. cavescen.^), or simple racemes {C. latifolia). The 
calyx is deeply five lobed, and the corolla is campanulate, usually five fid. The 
stamens are five, free with filaments dialated at the base. The ovary is inferior 
with throe locules, each having many ovules on axile jdacentae. The style is 
cylindrical, and the stigma is shortly tri-lobed. 
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Text-fig. 4 

Figs. 33 -54. CarnpanuUi canescens. Fig. 33. Somi-diagraminal ic; longitudinal gw^ction 
of the flower showing vascular supply to different floral organs. Figs, 34-50. Serial transverse 
sections of the flower from pedicel upward. Fig. 40. Shows the bifurcation of placental strands. 
Note the splitting of the placenta in Fig. 43. Fig. 51. T. S. of the stigma. Figs. 52-54. Serial 
transverse sections of the style showing staminal outgrowth bearing anther loculi. 
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The stole in the pedicel of the flower of Campanula mnescAym is more or less 
a complete ring (Fig, 114). From this ring three unequal traces pass out to the peri- 
phery leaving a small amount of vascular tissue in the centre. At this stage tlu‘ 
pedicel hecornes trilohed and each lobe is supplied with a single trace (Fig.tjo). In 
one lobe the va.scular strands split up radially into three parts. The middle of 
tlujse is smaller than the other two (Fig. 36). In the c ase of second lobe the vascu- 
lar strands divide only into two branches which ])ehav(^ differently (Fig. 36). On(‘ 
of them splits up into three, the middle of these })eing larger tlian the otlmr two. 
The other brandi remains undivided. This lobe, therefore, has four vascular 
bundles (Fig. 38). In the third lobo also the vas<*ular strands div ide radially into 
three parts but in this the middle one is larger than tlu^ otlu‘r two (Fig. 37). dims, 
in all, a ring of ten vascular bundles is forine<l (Fig.3S). 

These ten })eripheral vascular luindles constitute tlu‘ vascular supply ol tin' 
different floral organs. Five of those are situated on the s(q)al radii, ddicse bundU*s 
give off brarudies to thc^ inner side, two of whi(;h form tin* carpedlary dorsals, wliili 
rest form th('- secondary laterals (Fig. 43, cd, si), ddie third eaipellary dorsal i; 
r(H:eived from the bundle situated on tlu^ petal radii (Pig. 43, (‘d^). After supplying 
the (iarpellary wall, eacli of the five bundles splits up tangentially into two, the 
inner one of which forms the staminal bundle and tlic out< r out* the sepal midrib 
bumlle (Figs. 45, 46, Sp. St). 

The other five bundhis situated on petal radii, scuid olf t wo brancln s, eucli t(> 
th(^ margins of adjae(mt sej)als and the rest form the ])etal midrib bundh^s (Figs.dS, 46, 
Sul pt), Fach {)etal midrib bundh' soon gives f>ut two lateral bra.nehes for the 
margins (Fig, -16, Ihii). The five bundles situated on petal radii also semi a number 
of branches to the inner side. One of these forms the third carjafllary dorsal, Hie 
two others having been reeeived from bundles on sepal radii (Fig. 13. cd^), whil(‘ 
others form secondary laterals (Fig.43, ed, si). 

The vascular tissue which is left in the eentro, forms a com]>lei(^ ring of vascu- 
lar cylifuler with endarch xylern. The xylem is internqited and is ludfcr (hnelopid 
at thiTH^ plactes where the pla(‘entao are to develop lat(‘r on while ])hl()cm forms 
a comp1et<^ ring (Fig. 38). 'fhe placentae^ hang downwarvl and so tlu ir lobes appt‘ai‘ 
in the ovary cavities before their attachment (Fig. 37, pi). Tlu^ central (ylindcr 
gives out three branches, one to each placenta. Tliis branch splits up into two, 
and these traverses into the plactmtal lobes of their res])ectiv(^ sides, tfie plactuita 
being bilobed (fd'gs. 39-42). Each branch gives out many ovular traces (Fig. 49, ov). 
The passing out of these three traces leaves only three bundles in the parent st(‘h\ 
and these occur on septal radii. They have normal orientation (Fig.43, cv). In 
the u})per region the whole plactmtal mass splits up in such a way that half placentat* 
of two adjacent carpels remain fused. Thus the ovary becomes unilocular (Fig. 44). 
Beyond the ovule bearing region the septae again fuse together resulting in a tri- 
locular ovary once more (Fig. 45). A trilobed cavity, the stylar canal, is also 
enclosed in the centre. This cavity becomes circular and continues u]) to varying 
heights within the stylo (Fig.47, cc). 

The three central bundles left after the departure of the placental strands 
traverse along with the earpellary dorsals into the style (Figs, 49. 50, cd. (;v). In 
its upper region these bundles ramify profusely and supply the three lobes of tlu' 
stigma (Fig. 51). Each stigmatie lobe has hairs on its inner side. Home triehomes 
are also present on the ovary wall and the petals. 

In a single case the gynaeceum, after bearing the ovules in the lower region, 
proliferates and bears anthers in the upper region (Figs. 52-54). 

Campanula latifolia differs from C. camacens in that the vascular cylinder ot 
the pedicel of C, latifolia gives off four traces to the })eriphery . Three of these divide 
radially into three each and occupy the three angles of the pedicel which has in 
the meantime become trilobed in transverse section, the fourth remaining undivided 
on one side. In C. canescem only three traces are given off from the vascular cylinder 
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of the pedicel. Out oi these, two divide into tiiree each and one divides first into 
two parts One ot these latter again divides into tliree. Thus finally a ring of 
ten v^cular bundles is formed in the periphery of both the genera. 

The sepal auppl}^ ot ( \ latifoliu differs sonunvhat from that of C. [n 

( a rnpanuld lait folia sepal midrib supplies branches to its margins. In C. am- 

escens the petal midrib supplies the two margins of adjacent sepals. In other 
respects it is similar to L\ camsam. . . 

Conclusions 

As pointed out earlier tliis study was undertaken with the deliuite ]>urposc 
of comparing the vascular anatomy ot the flower of Sjflicnoi'h a with that of other 
species. there are some points in wliich S pht nocb n ::(■ i/lan lea differs from others. 

As is well know^n the flowi'is in Sphenoelea, are sessih^ and tliosc' (d (\imjHi 7 i via 
and hohelia are stalkcnl. In addition, thc> flowers of S pfa^ax'h a have, bracts and 
bracteoles, while Lobelia has only bracds, and ('anipann/a lacks both bracts and 
bracteoles. 

The sepals in Sphtnoclea zeylanica are essentially l-lraci^ organs, the iiiarginal 
bundles having ])een (leriv(‘d as branches from the nu'dian bundles. In IjOhdin 
species and Caaipanula, canescens, on the otluu^ hand, tlu> si^pal marginal bundles 
arise conjoint with petal midrib bumlles. (\inifxtnula lafifolia, howeve>r, resembles 
Sphe.noclea, in this respect. 

Sphenoclea. zpylanica differs from other genera in the xascadar suj)ply of the 
placenta. In this species the marginal l)undles wliicli suf)fdy tlu^ ]dacenta are 
amphieribral. In some (aises tliey nuiy Ix': inversely orientcnl. ddiese bundles 
diverge out into the corresponding placenta, and are comphdely utilized in the 
formation of ovular supply. In Lobelia the placental strands form a compact 
solid core of vascular tissue. I'his solid core su])]>lies brauclu‘s to both the ])lacentae, 
and the remainder continues up to tlu*. stigma. Only in th<‘. genus ( \im panala 
the placental strands are normally oriented and form a ring, ami this su])plios the 
placentae. Wliatever remains of this ring continu(‘s up to the stigma. 

The occurrence of normally oriented placumtal stiands in Catvpanula d(. serves 
some attention. Usually in axile placentation, the pla-cental strands are inversely 
oriented with respect to the floral axis (see Puri, 1951, 1952). What (;an be the 
possible significance of this feature is difficult to say. But a similar situation has also 
been reported in Dianthus, Silene, Sedatn and Azalea (Ilenslow, 1891 ). Subrainanyain 
(1955) recently re-investigated the condition in Hedaai. and he has shown that the 
placental strands are actually inversely oriented in this gemus. Other genera also 
need re-investigation in this respect. But the inatcuial of (Campanula that has 
been studied hero, definitely shows normally orio)ito<l placental strands. 

Thus we see that the differences in the vascuilature of the flow^er ot Spheyioclea^ 
(Campanula and Lobelia are not of much importance. They are ajrparerjtly just 
minor differences and as such they do not provide any support for the 8e})aration 
of Sphenoclea from the Campanulaceae. 
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Abstract 


In the laboratory, the liegrnda cruciferarum foinnloH prefer to lay egK® in n soft medium 
such as cotton wool. .... 

The duration of egg stage ut .HO. 35 and 40%\ is 95 5, 72. 1 and 74.4 hours rcsi^otively . 
There is no hatching at 45"'C. Relative humidity, ranging from 20 to 80 per cent, has no 
influence on the speed of dev^elopment and the viability of eggs. 

The pentatomid, Bagrada cruciferarum Kirkaldy, feeds on oruoiforous plants 
particularly radish seed pods. The pest is most active in the field during April 
and May and by the end of May largo number of adults die dtie to the high 
atmospheric temperature. Tlu? characteristit; feature of this pest is the rapid 
multiplication within these two months. There are comparatively very few bugs 
seen before and after that period. With a view to investigate the factors that 
contribute to the rapid increase in their number, the proferonce of ovipositing 
females to various surfaces and the influence of temperature and humidity on 
the speed of development of eggs was studied and the results are presented in 

this paper. 


Preference of various surfaces for ovi position 

In the laboratory ovipositing females were offered a number of surfaces of 
various materials, to lay eggs on thorn, viz., medium qrjality green ™o cloth, 
green and white filter paper, 0.2 inch thick layers of dry and 
soil clods of 0.2 to 0.2 inch diameter, and coar.scly powdered dry 
nods of radish. Circular discs of 1.9 inches in diameter were cut out o* «iose 
Inaterials for the purpose. The soil chsls and powdered dry leaves and s^ 
were placed in dishes of the same diameter. The 8 types of surfaces , 

S'l tie fleer of » cage irxfl'xr with pin,. 'f 

ramlom. at equal dietanoe from one another. Two 

were released in the cage which was placed in subdued light m the corner oi 

for 4 hours from 10 p.m. to 5.0 i-m. At 5.0 p.m. the discs dishes were 
taken out of the cages and were then left aside for hours men fresh the 
eggs are dirty white or slightly greyish white, hut after “Jment was 

becomes orange red, and as such eggs are easy to count. The experime 

nftr.diif.tpd at 30°0 in 60 per cent relative humidity. . 

conducted at P^^^ the effect due , 

was signiSnt at the 1 per cent level (the least significant difference was 14.1 , 
Table I) Compared to the number of eggs laid on dry leaves , P . 

control, that laid on dry cotton wool was significantly higher, whereas ^he ^fferen®^ 
between other surfaces were not significant. It was noticed that if the ootton 
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wool waH too w(^t, a foiiialo dirl not lay eggs. I'ho fact that as many eggs were 
laid on soil oi- in flry leaves and se<‘d jaxls and that far more eggs were laid on 
white cotton wool is a poijiter that colour of the surface is only of secondary 
importaru^o, the primary factor being the texture. In the field, egg laying females 
prefer the light coloured but loose and soft debris to the green ra<lish plants. 


Table I 

Nwnber of eggs laid by 200 Bagrada crueiferanim m 4 hours 


Typo of Burfaoo 

Eggs 

(Average of 4 
observations) 

White filt<n* paper 

1.00 

Green filter paper 

1.5 

White muslin 35 ineshoH 

2.7 

Oroon muslin .35 moslios 

11.0 

Cotton wool dry 

42.7** 

Cotton wool wet 

17.7 

Soil clods in a dish 3^ in diameter 

Dry loavo.s and sootl pods in a dish 3"^ in 

8.2 

diameter (control) 

11.7 


L.S.D. = 14.1 


Significant at the 1 per cent levo) ; least significant difference 
is 14.1. 


Infiuevrr of tewpvrat^irf and huwidily on the duration of egg stage 

Eggs laid within 2 hours (d: 1 hr.) weie incubated at 30, 35, 40 and 45°C 
in 20, 40, 60 and 80 per cent relative humidities. The humidity was controlled 
by appropriate strengths of sulphuric acid poured at the bottom of one pound 
glass jars. Fifty eggs wore jilacod on a filter paper in a petri dish and the dish 
was placed on a glass tripod made to stand in the jar. The jar was sealed with 
a plastic screw cap and placed in an incubator at the required tempera tuie. The 
number of nymphs hatched were recorded after every two hours and the end of 
egg stage was the mid- time between the two observations. There was no hatching 
at 45^C, hence that temperature is omitted from the results presented in Table II. 

d'he data were analysed as per single randomised block. The effect of tempera- 
ture was highly significant at the 1 per cent level, whereas that due to humidity 
was just significant at the 5 per cent level (Table II). Since the difference 
between the egg stage at various humidities were very small, the largest being 
only 1 .2 hours, those are considered to be due to chance. Except at 45'^C, there 
were no significant differences in mortalities at the different temperatures and 
humidites tested. 

The duration of egg stage at 30°C was 95.5 hours which was significantly 
higher than 72.1 hours at 35°C and 74.4 hours at 40°C. However, the difference 
between the last two temperatures was not significant, which indicated that the 
speed of development was retarded as the temperature of incubation was raised 
from 35 to 40^0. At 45°C there was no hatching. 
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Tabt^k II 

Duration of egg .singe {hours) at various lerels of temperature, ami humiditg 


Xom|,>Gmtiiro Powsontrtgo of rohitivo iLuniitlity 

— — 1, - - - ■ 




20 

40 

60 

80 

Moan 


30 

95.8 

90.5 

95 . 2 

94.4 

95. 5* ♦ 


35 

72.5 

72.3 

72.0 

71.7 

72.1 


40 

74.8 

74.8 

74.2 

73.8 

74.4 


Moan 

81.0 

81.2 

80.5 

80.0 

SO. 7 


♦♦Effect of tompemtiiro si^nilioaiit at tl»e 1 por coiit lev«'l ; leant 
aiguificaiit diffororice 8.3 ; that of Ininiuiity not siguificaut . 


CONCLITSIONS 

1. IJagradn cruciferannn Kirkaidy teniakvs whon ^ivon a olioioe ol a ntimhor of 
surfaces in the laboratory prefer to lay eggs in a soft nuMlimn such as cotton wool. 
In the field, the^y lay most of their t^ggs in debris (jomposed of dry leaves and 
seed pods, etc. 

2. The vspeed of develo|)in(Mit at do'X' was significatit than that at The 

speed of development at was slightly lower than that at 354^, but the 

difference was not significant. There is no hatching at obviously this 

temperature is too high for the normal development of eggs. 

3. Relative humidities of 20 to 80 ])or cent have no influence on the speed 
of development of eggs. Within this range, moisture does not influence the viability 
of eggs. 
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Abstract 


I’lioro aro thro<» nornmon Hporio.s of ranifln in JSoiitii India, viz., Rana hexadrtctyla Ivoeson 
(tlio j^roon-frog), R. tiyrina Jiaud. (the ladl-frog) and R, c.yfinophlyctis 8chn. (the ski])por*frog). 
Of the hull-frog hihr^rnattvs daring winter and aoBtivaiea during summer. The green- 

frog exhibits a short winter spawning in a<ldition to 1 h(’ major one during tlie monsoon showers. 
For artiladally spawning arul getting ripe <?ggs for (anbryologieal studies, the larger species are 
diihcuif. to handle and they are also becoming scarce around Bangalore. The skipper-frog 
is easy to handle and during the monsoon season, a parenteral injection of 2-3 gravid pitui- 
t»iry glands from the H»inu» spec.ies will tiiake the gravid females yiekl ripe eggs ; during winter, 
they rerpiire 1-5 glands. The time taken for the iujo(^ted ])ituitary gonadotrophins to act 
is about 12-14 hr. during winter* and tU-lO hr. during the brtwMling season. Five gravid catfish 
{Heteropnp.iistrs) pituitary ghiTids also ripen the eggs of the skipper-frog and frog pituitaries 
are known to act reraprocally. Mammalian hormones like follicle-stimulating and luteinizing 
hormones, pregnant mare serum, chorionic^ gonadotrophin, estrogen, cortisone, adrenocorti- 
cotrophi<*< horrnotie, growth hormone, thyroid-stimulating hormone and oxyto(;in have no 
efiect on the frog’s ovary ; androgen, progesterone and desoxyi^orticosterono acetate bring 
about ovulation (oviposit ion) in the skipper-frog. All the abo\'e mentioned hormomvs, except 
oxytO(un, bring aI)out ovulation in frog when combined witli a tlireshold pituitary gland dose, 
viz., two gravid pituitary glands during tlie non-bixxxling season. A table showing the normal 
stages in the development of Ra/id cyanophlyctis is also a})pended. The skipywr-frog, therefore, 
is rO(^omTnonded as a suitable animal for ombryological studies. 


Iktrobuction 

In most [ndian imivorsitios, flornonstratioa of frog embryology has not been 
tindertakon as the tecliniqm* of spawning and fertilizing the eggs under laboratory 
t;onditions to folknv up their further fate is not adequately cleveloped. With a 
view to provide the correct dosage of pituitary glands for implantation or injection 
so as to induce s])avvning in frog and also to study the elfect of mammalian hormones 
towards this end, wo have conducted a scu’ies of ex])eriments, the results of which 
are j>resented here. Tn this connexion, Rugh (194S) has given all details with 
regard to inducing s])awning in the American frog Rana pipiens. 


Material and Methods 

The following ran id species available locally have been tested : 

1 . Rana hexadactyla Lesson (the green-frog), 

2. Rana figrina Daud. (the bull-frog), 

3. Rana cyanoj)hlyctis Schn. (the skipper-frog). 

Pituitary glands taken out of gravid female frogs of the same species (homo- 
plastic) are mashed in a small quantity (1 ml.) of distilled water or standard Holt- 
freter solution in a homogeniser and injected j)arenterally. Implantation of 
pituitary glands into the dorsal lymph sac or into the peritoneal cavity with a 
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syringe has not been unifonnly followed. In injeeting nmnunalian liornunios 
dissolved in an oil base, we have always adiuioistered Hrsi the pituitary gland, 
followed up by the inainuialian one after a short intt^rval. 


Observations 

The three species of frogs, namely, the bull-frog, the green-frog and tin) skipper- 
frog which are used for biology demonstrations in most Indian universities could 
also be utilised for artificially procuring eggs under laboratory coi\ditions for em- 
bryological studies. However, the more ubi(}uitous bu 11-frogs become scarce 
during winter when tliey hibernate and tln\y also aestivate during summer, ddic 
females generally emerge to spawn after the lirst monsoon showcu’s (»lune). I he 
other two species are available throughout the year. iiowe\()r, the larger ot the 
two species, viz., hexadaciylu is becoming scaiHu) around Bangalore and is niore 
diflicult to handle for stripping purjioses. The skipper-frog, like the bull-frog, 
is cosmotx)litan in distribution and being smaller is t'asy to manipulate and, is there- 
fore, ideally suited for experimental purposes. 

The bulbfi'og has been used successfully lor getting eggs during the raiiiy 
months, June — September. In the months of April and May (IboS), fresh gravid, 
bull-frogs (177-332 gni.) receiving parenteral injections of 4 gravid immoplnstic. 
pituitary glands yielded viable eggs normally after 12hrs.; later in the s(wison (dune), 
a smaller dose (2 or 3 glands) was enough to make them s])awn taking about the 
same time for ovulation. We liave always found that if the dose is split, mjecimg 
a larger dose first followed by a smaller one after an interval of 10 12 hrs., the iiogs 
yield better results. A very large number of hexadaciyJa glamls (seven) m*e needed 
to activate the ovary of the bull-frog. During ()ctob(n% unilorirdy all the bu 
frog females showed regressed ovaries. The usefulness of this frog lor embryo- 

logical studios, is therefore, very limited. ^ i 4 

The green-frog restricted to South India and Ceylon a])])oars to have two 
breeding seasons ; a major one during the monsoon months and a very limi -c( 
winter one (No vembei— January). During May-~Junc, the green -frog nnjuircs 
more than six pituitary glands for making tliom yield eggs. Hovvover, 
receivimr 4 glands in combination with 100 I.U. of clmrionic gonadotrojdun (Antui- 
trin S : Parke, Davis) yielded a large number of eggs, lest am inials receiving four 
glands in combination with 2o mg. of cortisone ((Gorlin : (daxo) yielded 

During the monsoon montlis, a number of naturally spawning green- rog i < 
were procured and the other gravid ones reacted to ])ituitary ''‘^''‘■^*'*'^^‘''■•^ '''''12 
like the bull-frogs. After the season, quite a iiund,cr ot regressed grecu-liog i. males 
are met with. ^However, during November— December, the.se nf 1 

ovaries with well developed ova. Quite a tew sijecimens were ^ 2 

with ripe ova in the uterus which hatched into tadpo.os attcr tortvlization. Obv i ms y, 
™£reen.frog has a short winter spawnuig. We are not aware ot any recor.t o 
win4 spawnfng in the South Indian frogs. During this 2 »p at^Tlm 

6—8 pituitary glands per injection to yield eggs and the eggs s I 

**^^^^Accordmrto^McCann^(1932) the thoroughly aquatic skipper-frog may Im^d 
at anv Dme of the yea^ in suitable localities. We have r.over ..>mo across a single 

short second spawning season conld also be used but he diftculty of secuimg 
specimens and of handling them positively precludes the choice. 
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During winter nioutliH, 4-5 gravid pituitary glands of the skipper-frog mashed 
in I nd. of distilled water and injected intraj)eritoneally w'ere found effective in 
making 80-00 per cent of cyanophlycti-i test animals (39 — 50 gni.) yield ripe eggs 
after the lapse of 12-14 hrs. ; in the higger hexadactyla ftnnales, it required 24 hrs. 
aftfT injection for a few eggs to show up at the cloaca when they could conveniently 
he stripped ; if the day was warm, ovulation took jilace much earlier than this. 
Wo generally injected the female skipper-frog late in the evening, and the next 
njorning after a lapse of 12-14 hrs., the test amiiuals showed up eggs indicating 
that they were refidy for strip[)ing, the laboratory temperature during the winter 
Ixung 17^- — 18'^ C. After fertilization, wo have noticed that more than 80 per cent 
of the (‘ggs hatched out. According to Rugh (1948), the }>ercentage of fecundity 
incn‘ascs if the (^ggs stay in tlu^ uterus for 24 hrs. undergoing a physiological matu- 
rity. Tn Hev(ual of our experiments, vv(5 have had nu)re than 95 per cent of the eggs 
of the skipper-frog hat(4iing out with the eggs having stayed in the uterus for loss 
than 15lirs., anrl the animals flo not appear to retain the eggs in the uterus for 
long. During March (day teniperature 28' C), we liave been able to se(Uire viable 
eggs aftej' the lapse of 9.J 10 hrs., with a four-gland injection and more than 90 per 
f-(mt of these eggs hatched out into polliwogs w4ien fertilized. Wo have tested 
the Hkipf)c^r-frog females for gonadotrophic^ reactions after the spawning season 
(September) and the ovary is not compkdely regressed. Two homoplastic [)ituitary 
glands bring about ovulation but the number of eggs is very limited. Probably 
these are individuals who havn^ already spawjied in nature. The reasons that 
prom])ted us to soloed the skipper-frog, thoreforeL iin) the short interval that is 
needed for ripeming the eggs, the ease with whi(;h th(5 females can be handled 
and the availability of tlu^ gravid females throughout the year even though the 
skipper-frog eggs are smaller than those of hexadactyla atid ti(friria. The eggs of 
anurans arc smaller tlian those of urodelans and are, tlierefore, not ideally suited for 
transplantation studies. 

Each skipper-frog female giv(*s at a stripping more than 200 eggs. Further, 
the skipper-frog also responds to hexadactyla pituitary glands ; duritig Novembe^r, 
one or two gravid pituitary glamls of the green-frog injectivl either intraperitoneally 
or into the dorsal lymph-sac of the skipj)er-frog made the latter yield viable eggs. 
Even two pituitary glands of the male hexadactyla were effective. Howe van*, pitui- 
taries from donors wnth regr(‘ssed ovaries did not cause the skipper-frog to ovulate. 
Moreov(T, in the absence of s})ring- water, we hav^e been using stored city water and 
the eggs undergo normal development in it. For testes masli, we have also been 
using the same stored water and the spertji are vial)le, normal saline or standard 
Holtfretcr solution binng deleterious. 

We have alw'ays found that freshly <;aught specimens of the skipper-frog 
w^oighing more than 40 gms., have always given us excellent results ; those stored 
in the laboratory for more than 8-10 days give indifferent results. Rugh (1948) 
also rec^orded that ovarian eggs of frog undergo degeneration rapidly at room tem- 
j>erature. 

We have also tried, during November, the reciprocal effect of Heteropneustes 
(catfish) and skipper-frog pituitaries on ripening the eggs of each other. Parenteral 
injection of 5 gravid catfish pituitary glands into gravid skipper-frog females made 
the latter yield viable eggs ; similarly, 5 gravid pituitary glands of the skipper-frog 
made the catfish yield viable eggs. Tn ea(;h <;ase, after fertilization, embryos 
hatched out. It is interesting to note in this connexion that Greaser and Gorbman 
(1939) recorded of a single instance of fish pituitary successfully spawning frog. 
Atz (Pickford and Atz, 1957) alluded to the spawning of frog with fish pituitary 
as a Teat’ accomplished by Wills, Riley and Stubbs (1933), Stroganov and 
Alpatov (1951) and partially by Atz and Pickford (Pickford and Atz 1957). 
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Wo have provided a table showing the development of skipper-frog eggs and 
tlie time taken to reach the different stages as has boon done for frogs, particularly 
Ram pipiens and R, sylvativa (see Hugh 1948). 

'fhe use of mammalian hormones put on the market has thrown considerable 
light on the reactivity of the fcjiiale sex glands of frogs. In this connexion, Witschi, 
Chang and Segal (1955) and (^hang and Witschi (1957) pointed out that in 
Irog, the adronocorticotrophic hormone and cortisone acetate (cortisone) 
acceleraU^ the action of the luteinizing hormone contained in the threshold dose 
of homoplastic frog })ituitary glands (I or 2 glands) irijected along with those 
hormones. The latter authors assumed tentatively a catenary reaction as follows : 
the high estrogen content of the gravid ovary after the action of follicle-stimulating 
liormone on it, reacts on the pituitary gland which releases luteinizing and adreno- 
corticotrophi<; hormones ; the latter acts upon the adrenal cortex hich releases 
the cortical hormone cortisone. The latter augments the action of the luteinizing 
factor resulting in ovulation. In this chain reaction, cortisone being the end 
product, probably plays a Ixdter role than either estrogen or adrenocorticotropliic 
hormone. However, tliey also state tliat “(cortisone does not ai)pear to be an 
indispensible factor”. 

We have not only tested the reaction of the skipj)cr-frog to injections of mamma- 
lian hormones but also to them in (combination with a threshold or subminiinal 
dose of homoplastic, pituitary glands. During Decamiber, wo injected 25 skipper- 
frogs each witli two liomoplast ic gland dose ; of these only three gave a few ripe 
eggs after 15 hrs. 1lie otlmrs did not spawn or yield eggs on stripping even 24— 
48 hrs., after the injection. Obviously the dose is a small one sufficient to prime 
up the ovary and this has benm taken as the threshold dose. With three glands, 
a large number of skipper-frogs gave ripe eggs on stripping. 

For every experiment, we have had controls reexuving only two glands to see 
if the gonad becomes reactive to that dosage as the frogs approach the breeding 
season. So far (early August, 1 958) wo have not found the stibminimal dose 
bringing about ovulation in the controls. Along with the submini mal dose, we 
haV'O injo(‘ted a number of nuimnialian hormones to study the augmenting action of 
the latter. The test animals were injected mostly the previous evening and wen^ 
examined the next morning for ripe eggs; both spawning and non-spawning test 
animals were stripped and the eggs fertilized for testing viability. 

The following mammalian hormone preparations have boon used individually 
and also in combination with a threshold dose of pituitary glands as referred to 
above : 

1. Follicle-stimulating hormone (Armour Laboratories : R 377210), 

2. Luteinizing hormone (Armour Laboratories : R 377279), 

3. Human ch(3rionic gonadotrophin (Physex : Dumex; Antuitrin S : Parke, 
Davis), 

4. Pregnant mare serum (Antex ; Dumex), 

5. Estrogen (Estnwliol monobenzoate — Ovocyolin M : Ciba; Estradiol dipro- 
pionate — Ovocyclin P : Ciba; Stilbestrol : Boots), 

6. Androgen (Methyl testosterone : Boots; Perandren linguets : Ciba), 

7. Progesterone (Ethisterone : Boots; Proluton : Schering), 

8. Adrenocorticotrophic hormone (Dumex ; Adrenomone : Armour Labora- 
tories), 

9. Desoxycorticosterone acetate (Primocort : Schering). 

10. Cortisone acetate (Corlin : Glaxo), 

11. Thyroid-stimulating hormone (Armour Laboratories: PRR 3-128-92), 

12. Growth hormone (Somar : Armour Laboratories : M 108), 

13. Thyroxine (Eltroxin : Boots), 

14. Insulin (Boots) 

15. Oxytocin (Pitocine : Parke, Davis). 
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It IS generally knoMTi that manunalian pituitary aud ehoriouic goiiadotrophiu s 
do not cause frog to yield rijx^ eggs. There are, however, roconls whore a few 
s}>ecios of frogs aud toads have reaetotl tavoiirably, ejj., Bufo fowler i, Rana cateS' 
(Kugh (1985), Hyla awreAi {Creaser and Ciorbinan 1985), Runa iemporaria 
(Bellerby 1938 ; Cunningham and Smart 1984 ; Callien 1987) and Xenopus luevis 
(Hogben, Charles and Slome 1981 ; Bellerby 1088 ; Cunningham and Smart 1984 ; 
Shapiro and /warenstein 1984 ; Shapiro 1985) either to mammalian pituitary or 
chorionic gonadotrophins. Barth (1988), Creaser and (iorbman (1985) and Itugb 
(1985) have reported failure to induce Rami pipiens to ovulate using sheep and 
beef pituitary extracts or pregnant mare serum or human pregnancy urine; however, 
Wright and Hisaw (1940) have succeeded to ovulates pIpioiA^ with mammalian 
pituitary gonadotrophins. 

Gravid skipper-frogs were injected in the evening a 5 mg. dose of follicle- 
stimulating hormone (Armour) in distilled water along with a tlireshold dose of 
two pituitary glands. Forty per cent of the test animals had spawiicd bv' the next 
morning and also yielded viable eggs on stripping. An cipial numlxa’ of tjontrols 
receiving 5 mg. dose of follicle-stimulating hormone did not slow any reaction. 
When catfish {Fleteropncustes) wwe injected with the same follicle-stimulating 
hormone, the fish spawned and this naturally leil us to infer that the hormom^ 
was contaminated with the luteinizing one. On iiKpiiry, Dr. I Bunding (Armour 
Laboratories) informed us that the folli<‘le-stimulating hormone contaiTicil 5 per cent 
or even more of the luteinizing hormone in it. While the quantity of luteiiii/ing 
hormone jiresent in the dose was sufiiciont to 8})awn the catfish, it was ineffoctivct 
on frog. But as noted above when tlie follicle-stimulating hormone was injected 
along with a threshold pituitary gland dose into skipper-frogs, they yi(dded viable^ 
eggs. During November, skipper-frogs received as much as 19 mg. dose each of 
the luteinizing hormone and they did not respond. During Jatutary, a 5 mg. dos(' 
of the hormone in combination with a threshold pituitary gland dose brought 
aboiit profuse spawuiiug in 99 per cent of the test animals ; the controls receiving 
two pituitary glands each or 5 ing. dose eacli of luteinizing liormone alone did 
not react. 

Using chorionic gonadotrophin (Physex : Dumox; Antuitrin S : l^arko, Davis), 
we noticed that ev'^en as largo a dose as 50 T.U., considering the weight of the 
frog, could not make the skipper-frogs react. However, when 50 I.TJ., of Physox 
or 25 I.U., of Antuitrin S was used in combination with a threshold pituitary gland 
dose, 50 per cent ovulation was obtained with the former combination while in 
the latter, 70 per cent of the tost animals spawned. In this connexion, Pugh 
(1935) reported successful ovulation by injecti!)g human pregnancy urine extract 
into Bufo fowleri and Rana catesheiana and several workers have smtcessfully spawned 
Xenopus with human pregnancy urine. 

When a dose of 80 I.U., of pregnant mare scrum (Aiitex : Dumox) was injected 
into the skipper-frog, they did not react ; however, when the same dosage was 
given in combination with a siibminimal pituitary gland dose, 70 per (‘ont of the 
test animals spawned. We have replicated this experiment in September 1958 
using 75 I.U., of pregnant mare serum (Antox) with half-a-gland as the subniinimal 
dose. The skipper-frogs yielded viable eggs while the controls receiving only 
half-a-gland of the pituitary could not be stripped. Pregnant mare serum (Serum 
gonadotrophin) is largely a follicle-stimulating hormone (Dumox firm describe 
‘Antex’ as a highly purified gonadotrophic hormone) and it must have activat^l 
the luteinizing pituitary gonadotrophin. However, it is interesting to note in 
this connexion that catfish do not yield ripe eggs on receiving the pregnant 
mare serum with the respective threshold pituitary gland dose. (Jreaser and 
Gorbman (1935) reported that an extract of pregnant mare serum brought about 
ovulation in Hyla aurea and it is difficult to explain why the hormone did not act 
on the skipper-frog. 



76 L. S. RAMASWAMI AND A. B. LAKSHMAN : THE SKIPPER-FROG AS A SUITABLE 


It has been re[)orte(l t}iat some anurans react to progesterone and male sex 
hormone. Androgen and progesterone have induced Xenopm luevis to spawn 
(Shapiro 1936) ; Langan (1941) caused ovulation in Ratui pipiens with testosterone 
and progesterone hut not with estradiol. The rea<‘tion of the skipper-frog to estrogen 
has been vtTy poor, probal)ly due to the medium in which tlio hormone was iujecte<l. 
When 2.5 mg. of estradiol moriobenzoate (Ovocycli!i M ; Ciba) or estradiol dipro- 
pionate (Ovocyclin P : ( <iba) was injected after a subminimal pituitary gland dose 
int<» the skipper-frog, spawning was noticed in I out of ten test animals. Controls 
Hiceiving an equal quantity of Ovocyclin M or Ov()(;yclin P respectively did not 
rea(;t. Stilbestrol (Boots) alone in 0.5 mg. doses did not (elicit any response in the 
ski})jKT-frog. It is reported that even large doses (10 mg.) of estradiol have not 
been able to spawn X^mopus (Shapiro 1936) and Langan (1941) noted that Rarui 
pipie.iiH did not ovulate when injected with ^-estradiol dipropionate. 

During P(6>ruary, when a 2 mg. dose of methyl testosterone (Boots) Avas 
injected into the ski})per-frog, all the test animals .spawned. However, when 1 mg. 
do.se of methyl testo.sterone (Perandren linguets : Ciba) was injected along with 
the threshold pituitary gland do.se, there was comparatively poor spawning and 
the (controls receiving only I mg. of the androgen each did not react. 

Progesterone also worked very much lik(‘ th(^ androgen. Skipper-frogs receiving 
I mg. |)rogesterone (Luteostab : Boots) after the subminimal pituitary gland do.se, 
s[)awno<l profu.soly during February; the (controls receiving the same dos(^ of pro- 
gesterone alone could also bo stripped for ripe eggs. However, when 1 mg. dose 
of Plthisterono (Boots) was injected, the frogs did not react. The skipper-frog, 
therefore, resembles Xenopus and Rand pipiens in its reaction to androgen and 
f)rog(^sterone. 

Cortisone at^etate ((Gorlin : Glaxo) has not been able to spawn or ovulate the 
skipper-frog. Chang and Witschi (1957) also reported that Rana pi]ne.ns could not 
bo ovulatecl with (tortisono only. Shapiro (1936), however, reported that Xenopus 
laevis ovulated with adrenal-cortical extract. In an experiment with skipper-frogs, 
(jortisono injected with the threshold pituitary gland do.so gave 100 per cent success, 
while the controls receiving only two pituitary gland injections each, one or two 
yielded a few vnable eggs on stripping. On the other hand, a 2.5 mg. dose of 
desoxycorticosterone acjotate (Primocort : Schering) brought about spawning in 
the skipper-frog ; this result is not unexpected as this cortical steroid resembles 
(‘hemically progesterone. 

We have also comj)utod the time taken for the frogs to spawn after receiving 
the combination doses. It has already been noted that during March-April when 
the day temperature reached 27‘^~28''C, the skipper-frog females receiving 4 j)ituitary 
gland injections spawned profusely after the lapse of 9i--10 hours. Even when 
injected in the evening, the skipper-frog takes the same time to spawn during the 
night. When three pituitary glands are injected, about 40 per cent of the test 
females spawn after the lapse of 10 hours. In order to see if in our frogs also, 
the mammalian hormones have an augmenting effect as described by Chang and 
Witschi (1957), we injected a combination of 3 pituitary glands with 25 I.U., of 
chorionic gonadotrophin (Antuitrin S : Parke, Davis) into each of one set, and the 
other set received 3 homoplastic pituitary glands with 12.5 mg. (4 ml.) of cortisone 
acetate (Glaxo) each. At the lapse of 7 hours, all those receiving the chorionic 
gonadotrophin combination spawned ; fertilized eggs hatched out into tadpoles. 
Approximately 200 eggs were collected from each skipper-frog and more than 50 
per cent of them hatched out; again those frogs started spawning profusely 2-3 
hours, after the first stripping. All the cortisone combination injected ones spawned 
after the lapse of 8 hours, and the eggs were found viable; nearly 70 per cent of 
the eggs hatched out. As before, these frogs started spawning again 2-3 hours after 
the first stripping. The controls which received 3 pituitary glands only gave viable 
eggs after 10 hours ; 10 per cent of these test animals could not be stripped and of 
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those stripped, only 45 per cent of the eggs hatched out into tadjiok^s. It is 
clear from the above that the skipper-frogs receiving combination doses as above 
not only ovulate 2-d hours earlier than those receiving pituitary glands but that all 
the test animals yield ripe eggs. 

Unlike cortisone, 5 I.U., of an aqueous solution of adrenocorticotrophic hormone 
{(.orticotropin : Diimox) caused only 25 j>er cent of the skipper-frogs to ovulate 
when injected with a threshold pituitary gland dose. Howtnor, when 25 U.S.P. 
units of the hormone suspended in gelatine (Andrenoinone; Armour Laboratories) 
was injected in combination witli a s\d)mininial pituitary gland dose, 80 per cent 
of the test animals spawned indicatifig that it is iH)t as eflectivo as cortisone. Jjike 
cortisone, adrenocorticotrophic hormone by itself has no ctTcct on the skipper frog 
ovary. 

Growth hormone, so far as wo arc aware, has not been known to augment the 
action of the pituitary luteinizing hormone. When skipperfrogs were injected 
with 1.25 mg. of growth hormone (Somar : Armour Laboratories) in combination 
with a threshold [lituitary gland dose, they spawned profust‘ly and yi(4ded viable 
eggs. Wo tested indirectly if the growth hormone (H)ntained any ovulating 
facdor in it. Digesting the skipper-frog pituitary glands with ptyalin and 
trypsin respectively, it was possible to inactivate or destroy the foliit-le 
stimulating hormone or the luteinizing one as was done by us for (uitiisli (itamaswami 
and Sundararaj 1958). Combining a quaiitity of the homogenate (;qua' to two 
|)ituitary glands of th(^ ski{)per-frog with 2.5 mg. of growth hormone, the reaction 
of the test animals r(‘.cei\ irig the above was studied ; ('ontrols rec<uv(nl only the 
homogenate in an equal (luantity as the test animals. Test animals receiving 
ptyalin digested homogenate in combination with growth hormone spawned pro- 
fusely; the controls receiving only tlie homogenatii also spawned a h^w eggs ; the 
spawning caused in the control jnust be due to the individual action of tluil utein- 
izing factor of tlie skipper-frog’s pituitary gland, while the ])rofus(» spawning of 
tlie experiments must be due th(^ augmenting action of the growth hormone. In 
the set receiving trypsin digested pituitary gland, the skip})er -frogs did not spawn 
as the luteinizing factor was inactivated or destroyiMl. If tlu^. growth hormone liad 
a.ny appreciable ovulating facdor in it, probably the folli(ne-stimulating horn on(‘> 
would have augmented the action of the ovulating facdor. We liave also tested 
using largo doses of growth hormone alone so that tlu^ ovulating factor, if any, 
may become effective and bring about ovulation. Skipper-frogs receiving as larg(i 
a close as 2.5 mg. of the growth hormone flid not n^aid. As th(^ quantity ol 
tlie growth hormone was limited with us, we (i)uld not jiroctei^l further with 
these experiments. 

Like growth hormone, the thyroid-stimulating hormone (Armour Laboratories) 
also augments the activity of the ])ituitary gonaflotrophins. When a dose of 1.25 
mg. of thyroid-stimulating hormone was comliiiK^d with a threshold pituitary 
gla!id dose and injected into skipper-frog, 59 per cent of the tc^st animals spawned 
and gave viable eggs and it is difficult to say if pun^ thyroid-stimulating hormone 
alone can act as an activator as thc^ thyroid-stimulating hormone jireparations usually 
contain luteinizing hormone as an impurity. Ho far as wo are aware, there is no 
record of using the growth and thyroid-stimulating hormones as augmenting 
agents to activate anuran gonads. 

We used synthetic thyroxine (Eltroxin : Glaxo) to find out if like cortisone, 
this also helped in ripening the eggs. This aspect of the study is still incomplete. 
As these experiments were conducted during the breeding season of the skipper- 
frog, it was necessary to find out the submiiiimal pituitary gland dose necessary 
for priming up the ovary but not bringing about ovulation. It was found that 
any dose more than half-a-gland of homoplastic pituitary brought about the 
ripening of eggs of the skipper-frog, half-a-gland was taken as the threshold 
pituitary gland dose during the spawning season. When thyroxine was used in 
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combination with this threshold pituitary gland dose, the skipper frog yielded 
viable eggs; the hormone by itself had no effect in ripening the eggs of the ovary. 
Vi>Yy small doHes of the mammalian hormone were found to be effective. 

Insulin (Boots) also brings about ovulation in the skipper -frog when used in 
( rombination with the submininial pituitary gland dose, and the hormone by itself 
has no effect on the ovary. 

Oxyto(uri (PiUxiin : Parke, Davis) appears to have no effect on the skipper- 
frog’s ovary even when combined with the tlmeshold pituitary gland dose. 

We have not tried any in vitro experiments to study the relative speeds of 
ovulation of gravid frog’s ovary as has been done by Wright (1945) or liy Chang 
and Wits(thi (1957). We feel that the in vitro experiments do not simulate in vivo 
om\s; they are ])hyHiologically very different. An excised piece of ovary put in 
a hormone n^edium is physiologically not the same as the ovary of an intact animal 
r(*(‘eiving a hormone injection, and therefore, the two results may not be comparable. 
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Abstract 


Ditidrorfius eollari.i (irav'. wfispH at laid niorti ag^.s and livt'd longor tli/in those 

kept at 2r>' (^. '^riio fnmaloM whan offortMl iinparasit i/-t'd liosts disti ihun^d tlahr eggs 8cleeti\ely, 
JnHpile of thiH some of tlie po[)a(i Mere supr^i parasit ized, wla'ieas otlitas wtMi’ liiiparasil ized. 
''I'huH the parasiteB, throiiglioiit tlieir life, distributed eggs sekad ively in a proportion of' tla; 
host puj)(ie ofT(M'ed, 

Wlifu'eas the production of mature eggs in the female is in some way stimulated by 
the presence of hosts (Lloyd, 1940), the present studies reveal that tlio luiinber of hosts avail- 
able has no influeiico on the total number of eggs produced by the parasite. 


Introduction 

Diadromus (Thyraella) collar is Grav. is one of the important parasites of the 
(liamotid-baek moth, Plulella maculipennis Curtis, which attacks its host in the 
prepujtal and [tupal stages. Lloyd (1040) studicKl its o\i{)osition behaviour in 
the laboratory and found that it did not lay eggs in liosts tJiat had already been 
parasitized for more than a day by the same species or another one. However, 
when more retduitly parasitized hosts were given, the females often laid 

eggs in the same host oven though other un])arasitized hosts were present in their 
vicinity. It indicated that superparasitism is an inlierent weakness of the jxarasite. 
However, it no hosts were provided for some time, the femah*/S sto]>ped prodmuiig 
eggs as no mature eggs were found in tln^ oviduct. 

44ie pri'sent studies pertain to the ovijiosition behaviour of parasites provided 
with 4 and S host pupae per day throughout the length of their life. Since the 
females were encaged in a limited space in which they were bound to (ome across 
the hosts offered and the number of eggs laid }>y each female was recorded every 
day for the whole duration of its life, it Avas easy to study the number of eggs 
produced from day to day and thus CA^aluate the degree of parasitisjji among the 
two constant number ol hosts available each day at the two constant temperatures, 
viz., 18^U and 25°C. 


Materials and Methods 

The parasites used in these experiments were reared in the laboratory at 18^C 
and 25‘^C. On emergence the males and females wore kept together for one day 
so as to ensure that all the females had mated before being used for experiments. 


1 The work was carried out at the Waite Agricultural Research Institute, the University 
of Adelaide, South Australia; the paper was prepared in the Entomological Laboratories of 
Panjab University, Hoshiarpur. 
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Text-fio. 1 


The curves show the daily production of eggs by Diadromua. The histograms 8l>ow 
the survival rates of the egg-laying females. 


NUMBER OF FEMALES LIVING 
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PatrH of irialcH and females wore then transferred to glass specimen tubes 5 
imrhes long and l| inches in diametor. The mouth of the tube was closed by 
a piece ol muslin cloth with a split raisin attached on the inside. Of tlie ten 
females at each of the abovci tem}>oratures, six were offered four and the remaining 
four, eight host }>upae per day. The host pu[)ae wore reared in the laboratory. 
Small j»iec(;s of h^af wcim^ cut aroiuul the ()upao thereby not disturbing them from 
their plac^e of attachment : if the silken cocoon of the pupae is damaged the host 
is not acc(^pted by th<.* parasite, d'he pupae w^ere arranged along the tube kept 
horizontal to the floor. As the acceptibility of a ])upa is determined by its age 
(Lloyd, 11)40) all the hosts offered to the experimental females were of 12 to 
24 hours of agee Th(^ pupate offered to the experimental parasites were replaced 
by mnv ones every twenty four hours. The j)apae were disseeded under a bino- 
cular micros(!ope and the <5ggH in each om^ of them were recorded day by day. 

Experimental Results 

44ie mean life of a female at was 2().0 days as compared to lO.b at 25^0 

and the differerujo w'as significant at the I per cent level (Table I). The number 
f^^id at I8T) was Ofi.r) and at 2o''C was 74.1) (significant at o perc^ent 
level — Table f). There was no signifi(!«ant influence of the number of hosts provided 
on the number of eggs laid by a parasite or on its length of life. The females 
started to lay eggs soon after mating and continued to lay at least some eggs 
each (lay until they died. The day to day variation in the number of eggs laid 
was gnmter at 20*^41 than at iSTj (Fig. 1). Inhere is a slight increase in the 
number of eggs laid during the later part of life (Fig. 1) which may ])Ossibly be 
due to the fact that those females that lived longer than the (jtluTs also produced 
a greater number of eggs. 


Table I 

.\f ran IjCtKftfi of Life mid the \umher of tUjgs per Fetnoie 
iloHt Uupju' IVr Ponuilo For Day 
8 pupao 


Toinporaturo 

(Moan of 4 fornalos) 

(Moan of 0 fornalos) 

Life (days) 

Kgg.s in 
lifo-tiiiic 

Life (days) 

Eggs in 
lifh-tirno 

25' 

17 .(» 

04 . .5 

1 0 . U 

85 . 2 

\HT 

24.0 

00 . s 

28.0 

90 . 3 

Standard [ 

deviation 

2 . 02 

19.5 

2 . 02 

19.5 




Dogroos of Froodom ; 

10 


The effect of tornporatiu'o on the length of life was significant at the 
1 per cent level and that on the miinber of eggs laid was significant nt the 
5 per cent level. None of the otlier effects or their interactions was significant. 

The oviposition behaviour of the females was studied from the daily record 
Ignoring the temperature, the difference between females and 
their age, the data were pooled into different groups representing the number of 
eggs laid per female per day, separate for four and eight host pupae. When 
four hosts were offered per day, the was highly significant in all the sections 



ORAVENHORST (lOHNEUMONIDAE : HYM.), A PARASITE OF CABBAGE 


83 


oxce})t six eggs (Table IT). In the latter case the non-signifieaneo was probably 
due to the fact that the selective behaviour pattern was so similar to the random 
distribution that the difference could not be detected. However, in all the other 
sections of the data selective distribution was evident. When eight host pupae 
were offered per day, non-significant in all sections except four eggs in 

which case it was significant at the 5 per cent level (Table III), The reason for 
non-significaneo may again be the same as above. With eight pupae the expec- 
tation for a random choice of pupae comes closer to the expectation for a nuKlel 
in which tlio females are di.stributing their eggs at random through a fixed pro- 
portion of the pupae and the differetice between the two could not be detected. 
But the significance of the test on four eggs per day is a pointer that probably 
selective behaviour is still in opercation. 


Tabt^e II 



Ovipoaition 

behaviour of 
4 hosts 

Diadronfius 


(f Ignoring 

tcmporaturo, (RfToronce.s bciwocn fomales. and 

age-effects) 

Eggs p(M' 
fcnYiaic' 
fYor (lay 

Nnmh(Yr of 
hosts 
at t ackod 

Ohsorvod 

Expect od 

X- 



41 

33.0 



1 

3 

11.0 

X • - 6 . 82 

P < 0.01 


Toi al 

44 

44.0 

3 

3 

21 

12.0 



2 or 1 

11 

20.0 

X* 9.63 

P < 0.00 


Total 

32 

32.0 

4 

4 

10 

2.5 



3 

13 

14.6 



2 or 1 

3 

8.9 

X3 - 27.65 

P < 0.001 


Total 

26 

26.0 

5 

4 

13 

5.4 



3 

3 

13.5 



2 or 1 

7 

4.1 

XI - 20.88 

P < 0.001 


Total 

23 

23.0 

6 

4 

7 

6.1 



3 

6 

8.4 



2 or 1 

3 

1.5 

X! - 2.43 
non. sig. 


Total 

16 

16.0 
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4’ho lafk f)f slope in tho eurvos of Figure 2 inrlicates that the number of hosts 
attaokod is not flopendeiit on tho number of eggs laid per day. The contingency 
test of the data on four puj>ae also confirmed that the selective behaviour 
was not (U^pondent on the number of eggs laid on a particular day. 

Table III 

f tvipoMitiotf hehai'ioiir of Dimlroiniis 
H liO.St.H 

Mjjraorinj' toin|MTat tiro, ciifT<*rciif«-H famairs, and aflacts) 


u)v dny 

Nuridn^r of 
hrjHtH 
att(i<;kod 


Ex poet od 


•) 

:! 

21 

18. 4 



1 

'Pol al 

0 

21 

2 . 0 

21.0 

- 2.00 
non. sic:. 


A 

10 

0.2 



1 or 2 

Total 

4 

14 

4.S 

14.0 

X’ 0.20 

noil. si^. 

4 

4 

9 

4.0 



3, 2, or 1 

Total 

3 

12 

7.1 

12.0 

X:i 4.42 

P <' 0 . Of) 




2.5 



4 

5 

6.1 



3, 2. or 1 

Tot al 

12 

3.4 

12.0 

x:i - 3.40 

P < 0.20 


0 or a 

0 

6 . 5 



4 

6 

5.8 



3, 2, or 1 

- 

1.7 

yi — u 


Total 

14 

14.0 

non. sig. 


There are big differences between the positions of the curves for four and 
eight host pupae (Fig. 2 and 3) which means the wasps show greater dispersion 
of eggs with a larger number of hosts available. Thus all the evidence, namely 
the big differences in the positions of the curves for four and eight pupae in 
Fig. 2, the non-significance of eight pupae compared to the significant 

X^ for four pupae and the lack of slope in the curves in Fig. 2, seem to point 
to the tentative conclusion that the females were attracted to lay eggs into some 
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pupae but not others. The expcriineutal females wero not offered such hosts as 
appeared abnormal, so one cannot tell by what criterion they accejited some and 
rejecotd others. Since the host pupae were more or loss of the same a^e (12 24 
hours), that could not have affected their acceptability to the female, it may be 
that some such factor as the (|uality of food eaten by the host wliich can affect 
its fecundity and longevity (Atwal, 1955) may also irdluence its acceptability to 
the parasite. 


OVIPOSITION BEHAVIOUR OF DIAOROMUS . 



coos PCO DAY 

Text-fio. 2 

The individual curves relate to the occasions on which 2 or more, 3 or more, 4 or 
jnoro, 5 or more and 6 or more pupae w^ere attacked. The relative fna^uencies may 
ho calculated from the numbers in tables II and III. For example, with four pupae 
exposed there wero 20 occasions on which 4 eggs were laid in a day. Of these 2() 
occasions there wero 23 when the 4 eggs were distributed through 3 or more puf)ao 

23 

giving a relative frequency of 0.88. 


Diadrornus wasps, which can distinguish previously parasitized hosts from the 
unparasitized ones (Lloyd, 1940) when given a choice of variable number of unpara- 
sitized hosts seem to distribute eggs selectively upto a certain extent. Due to 
some unknown cause it rejects a certain proportion of the unparasitized hosts 
provided. Probably it can differentiate the unacceptable pujme through some 
peculiar sense of its own. There is no way to distinguish from the data the 
rejected from the accepted pupae so that oviposition behaviour just in the latter 
group cannot be analysed. Thus a complicated hypothesis might be that the 
female parasite tends to distribute its eggs evenly through a certain proportion 
of the pupae. This behaviour of the female is constant throughout the entire 
life. Since the female lays the same number of eggs whether offered 4 or 8 host 
pupae the number of eggs produced depends on factors other than the number 
of hosts available. However, Lloyd (1940) found that the female stopped pro- 
ducing eggs if no hosts were provided for some time. Thus the host provides 
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HtirrmluH for the femalo in a way that the production of eggs is initiated but 
once that has ha])pened the actual number of eggs prcKlucod is independent of 
tfu*. nuinb(;r of liosts available. As compared to this the temperature at which 
the fen»al(^ is reared and kept has a signilicant influence on the total number of 
eggs j>r(Hliiccd by it, 18 as com})ared to 25Xy being more favourable. 
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Abstract 


Pliosphataso activity is Hoon only in tho pcripliory of the fall grown oocyto. In tho 
fortiliBod egg tlio enzyme is concentrated in the vegetal region. A weak |)lioHphatase activity 
during cleavage stages and a high pliosphatase activity in th<i <'udodeiin ancl mesoderm colts 
during gastrtilation is observed. Tho shell-gland in the early voliger show.s high ]>lio8i)hata8e 
activity. 


InTKOI) POTION 

I u\ e.stigatioiKs nn alkaline pho.sphata.se activity in animals have so far been 
mostly with relVrcince to adult tissiu's. Stiidi(\s on tln^ alkaline [)hospliatase activity 
in einbryonii; (hn el()|)!mMit have been relatively few. Krugelis (1947), VVieklund 
(1948), Gustafson and Has.selberg (1950), and Mazia et al . (1948) stmlied tho alknline 
phos])hatas(^ distribution in tho (levclopmental stages of the sea urtdiin. Fitzgerald 
(1949) studied th(^ alkaline phosjdiataso activity in tho developing grasshopper C5gg. 
Moog (1944) studicnl the locali.sation of alkalin(‘. ])ho.sj)hatase ami acid phosphatase 
in the early embryogenesis of (diick. Yao (1950a, h) and J^racdiet (1916) studied 
tho localisation in the emliryonic and po.st-embryonie development of Drosophila 
tnelanogaster and in the early development of amphibia re.spectively . Tho })rosent 
study relates to the localisation of alkaline phosphatase during the early stages 
of development (d Pila virens, the chemical embryology ot whi(4i has been under 
investigation. 


Material and Methods 

For the detection of alkaline phosphata.se Gomori’s (1949) technirpie was 
(‘rnployed with tho precautions suggOvSted by Danielli (1946). Embryos were lixed 
in chilled acetone for 8 hours dehydrated in ab.solute alcohol and benzene and 
infiltrated at 56"C. Sections were cut at 6 to 8 p thick and after removing the 
jiarafhn, sections were brought down to water and incubated at 37 °C in a substrate 
medium containing glyc^erophosjihate at pH 9.4 and were later treated with cobalt 
chloride and ammonium sulphide. Following the hydrolysis of the ester by the 
tissue enzyme a black deposit of cobalt sulphide was observed at sites of enzy- 
matic activity. Controls were run as a routine procedure and these showed no 
sign of reaction. 


Observations 

1 ) In tho full grown oocyte the site of phosphatase activity is indicated 
by scattered granules in the peripheral region. In the fertilised egg the distribu- 
tion of the enzyme is in the form of numerous granules more or loss evenly distri- 
buted throughout the cytoplasm excepting near the vegetal pole. In this region 
there is a dense accumulation of granules showing intense phosphatase activity 

(Fig. 1.) 
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(2) During tho (leavago stages a diminution in phospiiataso activity is 
indicated hy the si-attered rlistrihution of granules in tho colls. 

(.*]) During gastrulation, liowevor, intense phosphatase activity is noticed. 
1'he ondochTin cells and the ineso<lerin cells show a high degree of phosphatase 
a(!tivity in the cytoplasm (Fig. H). In the cctcKlerm cells the nucleus alone takes 
a f(?el>le stain and there is no inrlication of any activity of the enzyme in tho 
cytoplasm of these cells. 

(4) fn the (^arly veliger the region of the shell-gland, which is at this stage 
in the form of an ectodermal invagination, forms the site of high phosphatase acti- 
\ ity. 


Discussion 

Tn the embryo of tho gra.sshopper, according to Fitzgerald (1049), as stated 
already, tlnue is no detectable alkaline phosphatase activity until late in develop- 
ment, and it then lasts till just before hatching. In the unincubated stage of the 
blastoderm of the hen’s egg alkaline pliosphatase is indiscernible, and also in all 
embryonic tissues during tho first two or three days of development (Moog, 1944). 
Pho.s})hatase })ersists as long as a tissue remains undifferentiated, and as differentia- 
tion ])roceeds, phosphatase in some tissues disappears, and in others accumulates in 
a liigher (roncentration. In the sea urchin eggs Gustafson and Hassolberg (lOoO) 
noted a constant and weak activity during cleavage stages and a rapid rise of tlic 
atdivity after the ajipearance of primary mesenchyme cells in the blastocoolo. In 
the present study on the embryos of Flla a weak and constant activity during 
cleavage stages and ri.se during gastrulation has becui observed and this se(mis to 
f)(^ in agreement with what Gustafson and Hasselberg (1950) and Mazia et al, (1948) 
observed in sea urchin eggs, 

The interesting correlation between phosphatase activity and growth and 
diffenmtiation was first demonstrated in chick embryogom^sis by Moog (1944). 
Similar evidence has boon presented in the early developnumt of amphibia by 
Hraclud (1940) and in the sea urcliin by Mazia et aL (1948). The findings of the 
sov(n*al authors generally tend to show that in embryonit^ tissue the aertivity is 
weak during the early stages of developimuit but becomes intense at the beginning 
of differentiation. 

Studies made by the author on RNA distribution in the early development 
of Pila {anpuhUshed) show' that high pliosphatase activity during gastrulation is 
associated with high (content of ribonucleic acid wliich is knowm to be closely 
associated with protein synthesis. 

That alkaline phosphatase activity plays an important part in the process of 
(jalcification has been shown by VVagge (1951), Manigault (1989) and Bourne (1948). 
Manigault (1989) has in fact demonstrated biochemically that during regeneration 
of the shell in Helix there is an in(‘rease in the amount of alkaline pliosphatase 
in the mantle, in tho extracts of digestive gland and in the blood. Wag ge (19.51) 
has shown that alkaline phosphatase is abundant during shell repair especially 
around digestive gland lime cells. Bourne (1948) has observed a high phosphatase 
activity in liis histochemical studies on shell gland. In tho present study it is 
seen that alkaline phosphatase activity is associated with the embryonic shell 
gland. 
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Ahstract 


Tho Kiirtt IlirTialayari Tpi ritory il)r>S) <‘oiis( it ut<vs urea Kast and South-Eaat 

of Nt'pal, i.o., Sikkim, Nort li- VV’ost lion^ul, AnHam, Manipiir and Tripura. I^^xtonsivo c(jlloctions 
of HryophytOH froiTi this toj'ritoi'y wort' inadt' ))y ono of ns (Pantl(‘) in tho rt'^ion of tlio Sikkiin- 
Hiinalayas ( narjoolinj^-Saiidakpu) in tlio ytair 1941 an<l from Khasi- Jayanti Hills (Assam) in 
tht' yt'ar 1952. '’Fht' sptM’itJS of Jiiccia from this trolh'ction lia\o }Kx>n doHcrif)t‘d. In this 
(a>mmuni('at ion tho folltiwin^ t'lovon spocit's of Iticrin, inchiding a nt'w sptMMos, havo bt*on 
dealt with ; — 

/I. frost ii Anst., H. ('rifstollimt 1^., H. dLscolor ]j. (f !>., ft. cihofo Jdoffm., glducci R., H. 
huvhc nrriatui f.<indoTih,. ft, sorororpa HistdiofT., Tt. (jntujvtico Ahmad, lt> biUiardim ^lont . tt N., 
H, hef/richinna Hampe and th(' new spooitvs, ft. ottvnuntn Pande (sts' Stephani, 1900; IVliftt'ii, 
ISOI ; Katdiroo, 1950, 1952, 1954; Udar, 1950; Pande and Ihlar, 1957 and Pande and Udar, 
present eominunifat ion). The latter lias ht^m di.scovered from the Kamak))ya Hills, Assam, 
ft belongs to the flic('i*dl<i. seel ion of tht» genus and is eharaet erizetl })y thin membranous 
thalluH, with strongly attt'nuate wings, and with spores liaving (mmplett) rot ieulat ions on the 
outer face and in(romf)lett' and irrt'gular rot itadal ions t>n tho inner faees. Tliis s]>o(’i(‘H lias also 
boon idt>ntifie<l from f*<tn<i{^ collection from Tvandy, (.\>ylt>fi. The pa{>er includes a discussion 
for th(» Ht'gregation of this new sptxdt'S tind a key for the itlenl ificatitui of all tlu' spt'cies known 
frojn this territory, ft. hcifrichiatut Hampe, a common spt'cit's from America and Phirope, 
has btx'n reporttxl for tho first time from India. An illusl rtitetl a<‘COunt of this species, based 
on 1 ho Indian sp<xdjn<.'ns, lais filso Ixx'n gi\'<'n. R. kdsfi ya pi i l\achroo has Ijeen r<‘duced to a 
synonym of R. huehcncriana Uindenb. 


Intro DPCTioN^ 

From tho data available on tho study of the hepatic vegetation of India, 
Pande (lOriH) tentatively proposed si.\ Bryogeographieal units of the Indian 
territory with the East Himalayan region constituting the area East and South-East 
of Nepal, i.o., Sikkim, North-West Bengal, Assam, Manipur and Tripura. 

Extensive colloctions of Bryophytes from tho East Himalayan territory were 
made by one of us (Pande) on two different occasions. In tho region of the 
Sikkim Himalayas (Darjeeling-Sandakpu) in the year 1941, an area approximately 
200 miles was covered in a circular tour ranging in altitude from 4,000 ft. to 12,000 
ft. and in tho territory of Assam collections were made from Khasi-Jayanti Hills, 
Gauhati, Shillong, Maufiong virgin forest, Cherrapunji, Dawki and other places 
in 1952, ranging in altitude from 4,000 to 8,000 It. These collections, numbering 
several hundred packets, have now undergone a preliminary sampling and the 
detailed observation on the species of Riccia is being presented in the present 
communication. A complete regional flora of this territory will follow in due 
course in a separate paper. 


* Part I of this series l>y Pand^ and Udar in J. Indian hot. Soc.^ 86, No. 4, pp. 564-79, 
1957 and Part II by Pand6 and Udar in Proc. Nat, Inst. Sci., India, 24, No. 2, pp. 79-88, 1958. 
** Contribution from the Department of Botany, Lucknow University, New Series No. 37. 

VOL. 25, B, No. 2. 
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Fortunately, all the species of Riccia collected wore fertile and thus a complete 
study could be undertaken. Most of them were also suitably preserved and rele- 
vant notes taken in the field. 

The earliest undoubted record of a species of Riccia from this territory is 
an unidentified species described and illustrated in the posthumous memoirs of 
Griffith (1849, 1849a) from the shores of llrahmaputra in Assam. Stephani (19(H)) 
apparently cited the specimens of Griffith’s collection under tlie now species, R. 
microspora, instituted by him for a collection from Bengal. As the original 
specimens of tliis species from Stephani’s Herbarium (Griffith's collection), obtained 
through the courtesy of Dr. C. E. B. Bonner, Gonservatoire, Botanique, Geneve, 
has unmistakably been found to be identical with K. frost ii Aust. (see Parnh^ and 
Udar, 1957), R. microspora was reduced as a synonym of R. frostii (Pand6 and 
Udar, 1957). Mitten (1861) reported jR. crystallitui L., R. ciliuta Hoffm. and R. 
discolor L. et, L., the first two from Bengal and the third from (\uitral Himalaya. 
Then apparently a long gap intervened before Chopra (19118) listed R. hirnalay crisis 
St. a composite species (ITdar, 1957), from Darjeeling based on a collection of 
Tirrunarayanan in 1917. From this record alone it is rather difficult to ascribe 
it to any one of its segregates (see Udar, 1957 ; Pan(16 and Udar, 1957) since 
all of them occur in this area. 

Kacliroo (1950,1952) listed R. discolor from Gauhati, Shillong, Jorhat (Assam) 
and R. frostii from Gauhati (Assam) and later (Kachroo, 1954) described a new 
speciics, R. kashyapH Kachroo and reported R. ylauca L. from Assam. 

In a recent study of ‘Pande collection’ from Darjeeling in 1941 Udar 
(1950) rej)orted R. huchcncriana and R. soroi'arpa, the former fnun Badampton 
about 7 miles from Darjeeling and the latter from the compound of the Dak bun- 
galow in Plialoot (ca, 12,000 ft.). R. knshyapii , earlier described by Kachroo (1954), 
approaches very near R. huchcncriana. and the two species ocjcur in the same terri- 
tory and are identical. The minor diflFerences may only bo of the nature of eco- 
logical variations. 

Thus a perusal of the above publications from the East Himalyan territory 
would show that 7 species, viz., R. frostii Aust., R. crystallina L., R. discolor L. 
ct L., R. ciliata, Hoffm., R. glauca L., R. huchcncriana. Lindonb. and R, sorocxzrpa 
Bischoff. occur in this area. Our study of specimens of Riccia from this terri- 
tory lias revealed the presence of four more species, viz., R. hillardieri Mont, et N. 
R. (jangetica. Ahmad, R. beyrichiana Hampo including Riccia attenuata Pand6, a 
new species, bringing the total to 11 species. 

The East Himalayan territory is, however, more extensive than has been 
covered so far and future search would undoubtedly bring to light several other 
species. 

Since there is some controversy regarding the status of the genus Riccioenrpus 
the authors have deferred the discussion of this plant in the present communication 
and propose to take it up in a separate paper. A key for the identification of the 
species of Riccia, known from this territory, is given below. 

Key for Identification 

1. Thallus with compact and narrow air spaces — sub-genus Euriccia .... 3 

2. Thallus spongy with wide air spaces — sub-genus Ricciella .... 9 

*3a. Thallus ciliate, cilia long and curved, spore 80/i J. R. ciliata, 

3b. Thallus non-ciliate .... .... .... .... 4 

la. Plants dioecious, spore 80-120/^, reticulate, unwinged, tri-radiate 
mark inconspicuous .... .... 2. R. discolor, 

*Specie8 included in the key on the basis of their report. They are not represented 
in our collection. 
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i^lantH monoecious .... • • • * • • * ■ • ‘ * 

Spore winged (with a distinct peris|K)re) • • • • • • ♦ • 

Spore II n winger J (without a perispore) .... • • • • • • • 

llialtus 3 times broader than high . • • • * ’ ‘ i ii 

I'haliiis 4-() tim(*s broader than high, spore SO-lOO/r, highly papillose 
in profile .... .... . X R. finm 

Segments sulr ate, nulcMfi nurrotv and deep antcrwrly , shalloic and broad 
fnhind, epidermis one-layered . • • • A. R. beyrichiana. 

Segments suleate, sulcus narrow, prominent anteriorly, tpiderrnts 
'd-layered, upper layer marnillato usually disorganising, lower layer 
thi(;k-walled and persistent . • • 5. /i. sorocarjm, 

Tballus about 3 times tyronder than high, spore opaque turniny perfecl y 
black at maturity, reticulate icitft S-Ib small reticulations on outer 

V). R. gangetica. 

ThalhiH nhovt 4 -r, Hmea hrmder than hUjh, ai)ore reddish brown, 5-7 
retieulations on outer fart;. an<ihH of ri ru ulaliom rxU nded in prmnnent 
projections capjied by an undulating membrane 7. R. billar uri. 

Plants dioe(^ioiis, growing in well dethusl rosettes, male rosettes u.snal y 
pinki.sh, spore »i(.to 5(t//, tetrahedral with prominent tn-radiate mark, 
incompHely and irregnlarly rotieulat<n winged H. h.fro.sti>. 

Plants monoecious .... • • • • ■ * * • ’ ‘ ‘ ‘ 

Spore With 7-J lartie incomplete reticulations on the outer face 
‘ * 1). /?. crystallina. 

Spore with 5-10 complete reticulations on the outer face • • • • 

Hiallus about 3 times broader than high, older ])arts pittefl due to 
di.sorganization of the epidermal layer, spore n])to bb/o 5-6 reticulations 
on the outer face, wing ontire • • • • 1*^- R‘ 1iwhenif.ruina. 

'I'hallus ohout W-ir, fimex hroadrr than hiyh, spore upto 8o//, o-/ 
retieulations ou the outer face, wing ereiiate 1 1 • R- (Mfnuata. 


DKscKirnoN 


I . Jiiccia attennaia Pande sp. nov. 

Horha monoica. lueide viridis, ut pluriinum parte parti iinpendente saepe 
efformans rosulas 5 mm. diani, : thallus semel vel bis furcatus, d b mm. ongus , 
2-:{ mm. latus, suleatus. sulco profundiore ante ; squamae hyalinae, mconspicuae; 
rhi/.oidea simplieia et tuborculata, tiibereulis prominentibus ; sectio t^an8^ crsa 
l()-|5-plo latior quaiii alta, ali.s alte atteuuatis in utroquo latere ; collulae epuier- 
males semel seriatao, hyalinae, sphaericao ; ostiolum antheridiale ca. o y siipr 
Huperticieni thalli ; sporae pallide brimncae, 65-85/« ad diametrum maximun , 
totiahedrae, ornatae signo tri-radiato, eminenti, reticulatae, 5-7 reticu a 
in facie externa, faciebus internis imperfectc atque irregulariter reticiilatis, alatae, 

alis ad (>.(>// latis, cronatis, verriiculosis. ii. r 

Monoecious, bright green, usually overlax>ping, often forming rose cs o . 
acrexss ; thallus once or twice furcate, 3-6 mm. long and 2-3 mm. roa( ’ ’ 

sulcus deeper anteriorly ; scales hyaline, incospicuousj rhizoids sinip e 
culate, tubercles very' prominent ; 10-15 times broader l 

wings greatly attenuated on both the sides; air-sjKices n-.^ 

cells 1 -layered, hyaline, spherical ; antheridial ostioles about oOy above the thallus 
surface : sporophytes unisoriate, bulging conspicuously on the ven ra sur a» e , 
spore light browii, 65-85//, tetrahedral with tri-radiate mark prominent, reticulate 
with 5^7 reticulatiom across the outer face, irmer faces incompletely and 
reticulate, winged, wdng upto 6.6// wide, crenate, surface warty (iext-i?ig. b 
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Coll : 8. K. Pande Aor. Kamakhya Hills, Gauhati. Growing on latorito 
soil in intimato association with R. hillardieri. Date : 30.8.1052. Pandit Gollki’TIOn 
N o. 4798/4080 (Type). Lucknow ITnivcrsity. 



0*2 mm. 


2,3.4 


5,6 04 mm. 


TEXT-rlo. 1. 


Kig. I. Thallus, dorsal. Fig. 2. Cross-section of a tliallu-s at a[K>x. 

Fig. 3. Same, in tho middle. 

Fig. 4. Same, at tho base. Note the attenuated wings (Figs. 2-4). 

Fig. o. vSporo, outer face. Fig. 6. Spore, inner faces. 
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Tlio diHtrihutiou of Riaiia aiieniuita is rather interesting. This species has 
ah*o l)oin) identilied by the authors from a collection from Kandy, Ceylon, Pande 
( ’olhictioii No. 4f>.S9. (-uriously fuiough the specimens from Ceylon are also 
associated with H. hillarduri and the two species grow irt intimate ass<)ciation on 
late rite soil. 


1 OKN TIFfCATION 

Tfi his !!ioriograj)hi<^ a<s (mnt of the genus Riccid Stephani (l9tM)) recognized 4b 
Hp(‘(:ies under subgenus Ricciclla and divided them under the following groups : 
“IX. Frons tenorrima, imunbranacea. 

X. Frons magis (^ostata, alis attenuatis costuni late super- 
antibus. 

Xr. Frons angusta., magis incrassata. anti(*e plana. 

Xll. Frons juagis incrassata, antic(' sulcata v(‘l ca.nali(ailata . 
xrn. F ions valde incra.ssata, pro more duplo latior (puiin 
alta.” 


lirdbrtunately several of the species treated by St(;phani (1900) have been 
show'll in recent years to b(‘ unautlumtict and great doubt has been ex})ress(‘d 
<m tluur delimitation, s(‘xuality and stal>ilit-y of identitication. C^uite a ft^w were' 
also ifUMimphitc^ly (h'sciihcd by him. How(iver, in view of the (oinpact natuia^ 
of the treatnumt of tlu^ ge nus in Stephani's |)ublication, it oftcai proves ludjiful 
for purpose's of identitication. 

The s])ecies undeu’ consideration belongs to section IX above fieing tendt'r 
and imunbranous and also resembles section X in having grcaitly atti iniated wings 
of th(‘ thallus. 

fn section TX Stephani (1900) treatcal the following b s|)e(aes : *R. nff y/ihnitKi- 
rod (}ottsch(‘< (t Lind(‘nb., trrbritfirhii St., R, Spru(*e, R. r>c/ov>,s- 

poni M. rt N., */C (ifNdZidiiod Sjirucc* and R. sprurodrui St. Of thes(' the thin e marked 
with an astiaisk hav(^ b(*cn descrilx'd by Stephani as diorcious and the other three 
as mnnorriou.^. ]i(*c(*ntly, liowevir, .lones (1957) lias rcnluced R. iochrif.^chl i as a 
synonym of R. tfn mhranacra and has described the latter to be monoecious. Thus 
four species ]u*ed consideration in tlu‘. pin'stmt (context, viz., R. mcrnbniitacofp R. 
pard<jHdj/rfh^ls, R. ochrof^pora and R. <sprHrrarid. Of these R. mrmhranarca is cha- 
racteris('d by spore w ith truncate spines on the outer face and needs no attention 
and the remaining three diffm* in several important features (see Table I) from the 
species under consideration. 

In section X also Stephani treated b species viz., R. mu^scicola St., R. purpura 
sci n.>< T^. rt. k., R. rrassifrons Spruce, R. donnellii Aust., R. ^ubtilis Hi. and R. (ibnor- 

St. All tlu\se spe(des, except the last one, are dioccAous and need no attention 
in this (ainiKHdion. It may also bo pointed out hero that recently the last species 
has been reduced by doiu's (1957) to a synonym of R. niorrikerniyeri, a species 
treated by Stephani in section XII. 'Fhis species, too, differs in several important 
characters from the species in question (see Table I). 

The species under consideration is also different from all the dioecious species 
of section TX and X of Stephani (1900) and even though some of the species may 
have been wrongly described by him with respect to their sexuality, other features 
differ significantly (Table II). 

Some more species, belonging to the Ricciella section, not treated by Stephani 
iwo R. cniciata Kashyap (Kashyap, 1916, 1929), R. cupulifera Duthie (Duthie and 
tlarside, 1936), R. compacta Garside (Duthie and Garside, 1939), R. nippoyiica Hatt. 
(Shimizu and Hattori, 1953), R. perssonii Khan (Khan, 1955) R. armllii Khan 
(Khan, 1957) and R, volkii Arnell (Arnell, 1957). All these also differ in the vege- 
tative and spore character from the species under consideration (see Table I). 
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Charactei's not described. 
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The specimen of Riccia from Kaiuakh 3 ^a Hills, Assam, has, therefore, been 
referred to a new species. Riccia attenuata. Pand^ sp. noo. 

2. Riccia heyrichiana Hampe 

R, beyrichiafw grows widely in North America (Haynes, 1920 ; Schuster, 1963) 
and also in Europe (Macvicar, 1920 ; Miiller, 1906-11 ; Van den Berghon, 1955 etc.). 
This plant has not earlier been reported from the subcontinent of Asia. The species, 
however, is apparently very common in Assam and its discovery from this area 
raises the possibility of its being wider in distribution than recognized at present. 
It has been recorded here for the iirst time from India. The illustrated account 
presented below gives the salient features, based on the study of the Indian speci- 
mens : 

Monoecious, glaucous green, usually forming over-lapping patches, occasionally 
developing incomplete rosettes ; thallus upto 4 mm. long and 2 mm. broad, 2-3 times 
dichotomously branched, sulcato, sulcus deep and acute anteriorly, broad and 
shallow' behind, almost disappearing posteriorly, margin raised and convex, naked, 
scAiles hyaline, often violet ; cross-section 2-3.5 times as broad as high, wing gradually 
ascending ending in recurved margin ; epidermal Qells pyriform-papillate, thin 
walled, l-layere(l ; antheridial ostiole about SOp above surface, hyaline; aporo- 
phytes uniseriate, prominent dorsally ; spore dark brown, 90-130// in diameter, 
reticulate wdth 7-10 reticulations across the outer face, reticulations upto 15// wide, 
papillate in profile, winged, wdng (Senate, upto 0// wide (Text-Fig. 2). 

Coll : S. K. Pand<^. Loc : Compound of the bungalow of Mr. Mustafi growing 
on moist soil. Date: 1.9.1962. Pand^j collection No. 4690, 4697, 4699, 

Lucknow University. 

The size of the thallus in R. heyrichiana from Assam is extremely variable. 
Whereas Pand6 collection No. 4696 shows incomplete rosettes with segments 
upto 6 mm. in length, Nos. 4697 and 4699 show segments hardly exceeding 2 mm. 
and both are mature with fully developed sporophytes. 

R. heyrichiana is known to occur both in ciliato and non-ciliato forms in Europe 
(Macvicar, 1926; Muller, 1906-11 ; Van den Berghen, 1965). Our specimens are 
non-ciliate. Possibly only the non-ciliate form grows in Assam or due to moist 
conditions prevailing during the time of collection cilia were not present. 

3. Riccia discolor L. ei L. 

R. discolor is apparently rare. 

Coll : S. K. Pande. Loc : Kamakhya Hills, Gauhati. On laterito soil. Date : 
30.8.1962. Pand^ collection No. 5000. Lucknow University. 

4. Riccia billardieri Mont, et N. 

R. billardieri is comparatively more common than R, discolor. It occurs 
growing intermingled with R, attenuata Pand6. Often, however, pure growth of 
this species is also noticed. 

Coll : S. K. Pande. Loc : Kamakhya Hills, Gauhati. Growing on laterito 
soil in intimate association with i?. aitemmta. Pandii3 collection No. 4978, 4980. 
Lucknow University. Loc : Compound of the Cotton College, Gauhati. Date : 
1.10.1952. No. 4979. Pand^ collection, Lucknow University. (Pure growth). 

5. Riccia gangetica Ahmad 

R. gangetica is not so common in Assam as R. discolor and R. billardieri. 

Coll : S. K. Pand6. Loc : In the compound of the bungalow of Mr. Mustafi, 
Date : 1.10.1962. No. 4990. Pand6 collection. Lucknow University. 
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2 mm. 


• 7/8 


0-5 mm. 


9 , 10 


0*1 mm. 


II 


Tkxt-ftg. 2. 

Fig. 7. Itabit, au iiiconipleto resotto. 
Fig. S. Habit, overlapping ttialli. 

Fig. 9. Cross-soctiori of a thalliis at apex. 
Fig. 10. Same, in the middle. 

Fig. 11. Spore, outer face. 

Fig. 12. Spore, inner faco.s. 
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6. Iliccia soroenrfxi Bisehoff. 

R, sorocarpa has already been reported as new to Indian flora by Udar (1956) 
on the basis of the eolloetiori made by Pande from the S^ikkim Himalaya in 1941. 
Salient features along with illustrations liave also boon given. 

Coll : S. K. Pand^, hoc : In the oompouiid of the dak bungalow in IHialoot 
(12-13,000 ft.). Date : 28.9.1941. PandjJ; collection Xo. 2436. Lm^know University. 

7. Riccia huehencriami Lindenb. 

Syn : R, kashyapii Kachroo in Sci. tk Culture, 20 , 98-101. 

R, huebenerianu was also reported as new to Fiulian flora by Udar (1956) along 
with R. sorocarpa from tlie same collection and salient features and illustrations 
were also given. 

R, kashyapii Kachroo (Kachroo, 1954) does not ajipcRr to differ significantly 
from R, huebenerkina Lindenb. either in vegetative structure or features of spores 
and has consequently been rediuc^d to a synonym of th(^ latter. Unfortunately 
it has not been possible for us to secure the type specimens of R. kashyapii but the 
excellent account and illustrations of this species given by Kachroo (1954) leaves 
absolutely no doubt about its identity with R. huebenenana which occiurs in Assam 
(see Udar, 1956). 

Coll : S. K. Pande. Loc : About 7 miles from Darjeeling on moist ground 
(2,500ft.) on a foot path leading to Badampton. Date: 27.9.1941. PandA 
COLLECTION No. 2446. Lucknow University. 
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FUNCTIONAL MORPHOLOGY OF THE CLOACA OF VARANU8 
MONITOR (LINNAEUS) IN RELATION TO WATER ECONOMY 

by Champaka Seshadbi, Deparimeni of Zoology, University of Delhi, Delhi 8 
(Communieatod by M. L. Bhatia, F.N.I.) 

(Received De''€7nl)er 9, 1958 ; read March 6 , 1959) 

Abstract 

Morphology of the cloaca of Varaniis monitor has boon doscribod. There is a structural 
difforonco in tho cloaca of male and female Varanua and coxisoquontly tho mechanism of the 
flow of liquid urino to tho place of dehydration is different in tho two sexes. Uric acid is the 
main urinary component present to the extent of 88 per cent. There is a cori'osponding 
decrease in the percentage of alltintoin and ci’eatino. 


Introduction 

One of the ino8t iinpcrtani problems of annual life is to maintain inside the 
body just the right amount of water. For animals that have direct access to water 
and can get water in plenty it is (^asy to maintain the constancy of water balance in 
the body. But water conservation is a real problem in animals that live in desert 
conditions where water is scarce. On the basis of water conservation Buxton 
(1933) categorised terrestrial insects into ‘spenders’ and ‘savers’. This categorisation 
can be extended to the terrestrial animals in general. ‘Spenders' live in environ- 
ments where water is easily avaihi.ble, tliey are able to make up losses by tho 
oral intake and are characterised by a high water turn over and there is little 
provision for conservation. The example which can be quoted for this category 
is tho common pond -turtle, Lissemys punctata studied by the author in rela- 
tion to urinary excretion (Seshadri, 19566). The ‘savers’ live in dry environ- 
ments, take in almost dry food, have a relatively low body-water content and are 
resistant to starvation. The common house lizard, H emiiiaciylus flaviviridis 
(Seshadri, 1956^; and the spiny-tailed lizard, Uromastix hardwickii (vSeshadri, 
19576, in press), belong to tho second category. Highly concentrated urine is an 
important feature for such water economy and Nature has developed a unique 
mechanism for tho conservation of water in lizards, in which urine gets dehydrated 
to such an extent that solid urine is evacuated. This is to ensure that no loss 
of water occurs by such excretion. 

Functional morphology of the cloaca of Varanus monitor is presented in this 
paper where morphology of tho cloaca, the mechanism of the flow of liquid urine 
to the place of dehydration and the chemical composition of urine are dealt with. 
The methods for collecting the urinary pellets and the technique adopted for the 
study of morphology of cloaca and the chemical analysis of urine are similar to 
those described previously by the author (Seshadri, 1956a, 6). 

Morphology of the Cloaca 

In lizards tho kidneys of the two sides are generally united at the caudal 
end and form a V-shaped structure, but in Varanus monitor they do not meet a»nd 
remain completely separate. They do not extend so far behind the tail region 
as in other lizards. The kidneys are fan-shaped and lobulated and resemble to 
some extent the kidneys of pond- turtle, Lissemys punctata, each lobe in the kidney 
having a number of finger-like projections. The ureters from the kidney open 

VOL. 25, B, No. 2. 
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into the urodaeum. In male, the ureters and the vaaa defereniia oi each side join 
and open on a prominent urinogonital papiJla, while in female the ureters open 
on .scpOirato urinary papillae. There is no urinary bladder in Varanus. 

Ah in other lizards, the cloaca is three-cliainbered and is oi the typn;al saurian 
The disposition of the (cloaca! eliainbc'rs is slightly different in the case of 
male and iemale. Jn male the urodaeum as usual is in a line between the corpo- 
daeiim in front and proctodaeum behind, whih* in female the uroclaepl chamber 
is sliglitly dis})la(‘(;d and is directly above or dorsal to coprodaeum (Fig. 1). 

The coprodaemm is demarcated from tbo nsTiun by a large s[)hincter and the 
lining in this region is closely set witfi longitudinal folds. Tlie ventral wall of 
the coprodaeum has a few distantly arrang(^d longitudinal folds. In between the 
longitudinal folds are a siaies of small, transverse folds, arranged in a definite 
pattern. 



Tkxt-fig. 1. 


Varmiiis monitor. Dissection of tho female urinogenital system, 
c., coprodaeum ; /., fimnel ; k.y kidney; longitudinal fold ; o., ova; od., oviduct; 
ov., ovary ; />., proctodaeum ; r., rectum ; sph., sphincter between coprodaeum and 
proctodaeum (eopro-proctodaoal splunctor) ; sph.f., folds in the region of sphincter ; 
trcinsverso folds of coprodaeum ; ur., ureter. 

In male, the urodaeum is in the same line as the coprodaeum. The ureters 
and vasa defererUia open on urinogenital papillae arising from the dorso-lateral 
wall of the urodaeum. These papillae are so raised as to be in level with the 
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fold which deniareates tho urodacuin and coprodaoiitn . In the region of sphincter 
are present a number ef closely set folds and between them tho longitudinally 
disposed grooves. 

In female the urodaeal (‘ham her instead of being caudad to tho coprodaeal 
chamber appears as a diverticulum of the dorsal wall of the cloaca which conies 
to lie just dorsal to th(^ eoprodaeum. When cloaca is opened on ventral side 
the nrodaeum retnains completc^ly hidden under the eoprodaeum, and thus the 
eoprodaeum is in direct eommuuieatioii with the proctodaeum. The transverse 
fold and the spliiucter betw(^en the eoprodaeum and nrodaeum in the male appear 
to sejiarate the eoprodaeum and proetodaeuin in the female. So in male cloaca 
it can be naiiu'd as a uro-eoprodaeal sphincter and in the female tho eopro-proeto- 
daeal sj)hineter. Longitudinal f<dds and grooves are placed in the region of 
eopro-j>roet()dae-al s])hineter. 

A longitudinal iiicision in the dorsal wall of the eoprodaeum exposes tho dorsally 
located urodaeal c^Iiamber. Ou the dorso-lateral sides are, in two pairs, the genital 
and the urinary openings, tla^ urinary apertures are situated on papillae. The 
urinary a|)erture of (‘aeli side is ])lai‘e(l a little below the opening of the oviduct of 
the sa!ue side. Dorsal wall of nrodaeum is slightly raised creating corresponding 
depressions in the dorso lateral walls. As already staUxl, the urinary and the 
genital apertures arc present ou the dorso-lateral sides and are located in tho 
respe^ctive dorso-lateral (toncavities. The median raised portion of tho dorsal wall 
has a few transversely placed folds. 

On the dorso-lateral walls of nrodaeum, in tho female, are a few longitudinal 
folds which run along a definite course. They emerge from below the op»ming and 
then pass on to tlio N^mtral wall of the nrodaeum. The dorso-lateral folds are 
directed towards tho (oprodaeum or eophalad and finally merge into tho folds in 
the region of the c()j)ro-])roeto(laeal sphincter. These folds and grooves between 
them are the uro-copro(laeal folds and grooves (Fig. 2). 

'The median raised poi tion of tho dorsal wall of nrodaeum continues back and 
finally merges with the dorsal wall of the proetrxlaeal chamber. The proctodaeum 
also lias oidy a few mild transverse folds and the wall presents a j)itted 
appearanef\ 


Mechanism of the flow of urine 

Due to tho striKdural difference of cloaca in the male and female, it necessarily 
follows that mechanism of tho flow of liquid urine also differs in tho two sexes. 
In male tlie mechanism of the flow of urine from the urodaeum to the eoprodaeum, 
where urine gets dehydrated, is much simpler than in tho female. In th^ absence 
of a urinary bladder the urine passes directly into the eoprodaeum and in this 
respect the mechanism is almost the same as in Hemidactylus where there is 
a direct flow of urine from urodaeum into the eoprodaeum. The urino-genital 
papillae are also directed slightly forward and thus facilitate flow of urine into 
the eoprodaeum, along the grooves yiresent between the folds in the region of the 
iiro- coprodaeal sphincter. 

Tlie flow of liquid urine in the female, from tho urodaeal chamber to the 
ventrally located eoprodaeum, is facilitated by the well -developed uro- coprodaeal 
folds and grooves. The natural tendency of liquid is to flow towards the posterior 
chamber, especially when the anterior chamber is not placed in line with it. The 
dehydration of urine takes place in the coprodaeal chamber, so the liquid is directed 
to this chamber. The ureters bring urine from the kidneys to the urodaeum. As 
liquid urine trickles down from the urinary papilla it is taken up by the uro- 
coprodaeal grooves which emerge from the region of the papilla in the dorso- 
lateral concavity. The grooves and folds arising from the base of the papilla are 
all directed towards the eoprodaeum and this arrangement facilitates the flow of 
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liquid urine into the c(q>rodaeuni. The presence of folds modified to direct the 
flow of urine towards the cJianiber of dehydration is somewhat like that seen in 
UrornaHirx, in whi(*h c ase the' y)rcsencc of a bladder makes the arrangement slightly 
different. The foMs and grooves between them form an inlet and outlet for the 
liquid to flow intc^ ilic^ hlad<l*‘r and out (»f it towards the coprodaeum. But in 
Varanufi, owing to the; total absence of a urinary bladder there is a direct flow of 
urine into the coprodaeum. 



Tji:xT-na, 2. 

Varaniis monitor. Diagrammatic sketch to illustrate the position of urodaeum and 
uro-coprodaeal folds leiuling from urinary papilla to coprodaeum. 
c., coprodaeum ; od., oviduct ; op. od., oponiiig of oviduct ; p., proctodaeum; r., rectum; 
r./., folds of rectum ; sphincter ; sphj.y folds in the region of sphincter ; L/., trans- 
verse folds ; u.c. f.y uro-coprodaeal folds ; u.c.g.y uro-coprodaealj grooves ; u.p.^ urinary 
papilla ; ur. ureter. 

Another possible way by which liquid urine reaches the coprodaeum can bo 
conjectured in the following way : in natural course the cloacal opening to the 
exterior remains tightly closed. As already stated, the liquid urine trickling from 
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the urinary papillae has a natural tondency to flow into the ohanibor* behind it, 
i.e. the proctodaeuin. When sufficnont liquid aeon inulates, the coprodaeal chamber 
dilates, and with its dilatation the transverse fohl in the region of the uro- coprodaeal 
sphincter, which is more prominent on the dorsal side, presses towards the uro<lacum, 
which closes the passage to the urodaoal chamber. The cloacal opening is closed 
and also the passage to the urodaeum is blocked so that the licpiid urine has only 
one way to follow and that is to the coj>rodaeum. This is presumably achieved 
by the contraction of proctodaeuin. An are^i of low j>rossure is already created 
by the dilatation which would facilitate the flow of lic|uid in that direction. By 
the contraction of proctodaeuin. liquid is forced along the grooves in the region 
of the copro-protodaeal sjihincter (female) into the cojirodaeum where it under- 
goes dehydration. The contraction of proclodaeum, on the basis of Alvarez’s 
theory, starts an antiperistaltic inovennnit of the ty]»e notic^ed in the case of 
He/rnidactffhirS. Muscles of the po.sterior (‘hainber develop a higher metabolic 
potential due to tlie ]>resenco of urine ; thendiy the wave of contraction moves 
from th(^ posterior to the anterior (chamber. 

The coprodaeal (chamber is fairly larg(‘ and <‘au hold urine and retain it for a 
longer ])eriod. I’rausv^er.se folds in the co]>roda('um im^n^ase the surface area for 
absorption of water. A large chamber, lined by a number of folds, would prove 
an efficient device for the exti action and absorption of a maximum amount of 
water from the urine to convert it into a solid ])ellet and thus conserve the avail- 
able quantity of water. 

OUEMTOAL COMPOSITION OF URINE 

Dehydrated urinary pellet in a normal sized I’umw/s is like a small piece of 
lime stone. Some of the freslily ox(;reted pellets ari^ slightly yellowish in colour 
while most of them arc pure white. The yellowish colour is due to a typo of uri- 
nary pigment, very much like urobilin. 

Chemical composition of a pellet of urine of Varanuf^ monitor: 


Percentage 

( 'Onstituenis per gm, 

of urine 


Uric acid 

88% 

Creatine 

2.2% 

Creatinine 

traces 

Ash 

r>.o% 

Moisture 

2.0% 

Allantoin 

3.0% 


The ash contains traces of sodium, chloride, carbonate, present in the form 
of sodium chloride, sodium carbonate, and calcium. 

Uric acid is the main urinary component. The presence of uric acid to the 
extent of 90 per cent in Varanus is the highest percentage observed by the author 
in some of the lizards examined. Khalil (1951) noted in Scinus officinalis a,nd 
Chalicides ocellatns 92 and 93 per cent of uric acid respectively, and correspondingly 
very small amount of creatine and allantoin. The result of chemical analysis 
of the urine of Varanus monitor tallies, to a great extent, with the above mentioned 
lizards. The point that the percentage of allantoin and creatine is small when 
the amount of uric acid is high, goes to prove that in reptiles uric acid is not only 
an end product of purine metabolism but also of protein. This is so because allan- 
toin and creatine are protein metabolic products and they become correspondingly 
iess. 
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Abstract 

Tlie population sampled for the investigation repot ed hero was from the River Gangs 
at Buxar (Bihar, India). During the investigation, whicli was carried out, from June, 1952 
to July, 19r)(), 5,179 H])ecimens of AJrigvl w«)re examined for length-frequency (listribution study, 
4,369 scnh'H from 807 8[)ecimenH for scale study, 5,129 8])ecimen8 for weight-frequency distribu- 
tion study, 4,930 spt'cirnins for length-weight rolationsliip study, and finally, 1,102 observa- 
tions w^ero made for length-girth rolatJonshi]) study. 8ucli observations as progressively larger 
numbei- of annuli on scales from fish of increasing length and lessoning distance betwocm 
successive annuli with progress in age, have furnished preliminary evidence suggesting applica- 
tion of scale-method to Mrigal. A close correspondonco of early growth picture elucidated 
by scale and length-frequency distribution methods has fumishocl strong evidence in that 
direction. Annuli are believed to be laid in spring or summer months (March-Juno) as borne 
out by ovservations on scale margins. Su]>port to this has been sought from the intensity of 
feeding studii's and the length -frecpK'Ucy distribution study, which latter has also enabled a 
picture to be drawn of month to month growth upto about the third year-group stage. Starva- 
tion is field out as a probable caus<^ of annulus formation. Detailed growth for first three 
years, absolute growlli ]>icture in lengih for twelve years and relative growth for seven years 
of the life of Mrigal liave been worked out. Weight-frequency distribution has been studied 
and absolute growth in fish weight u])to twfdve years of its life and relative growth for seven 
years have been found. Total length and weight relationship and total length and girth rola- 
tionshijis have b(HHi statistically w^orked out. A fuUu’o course of study and conservation of 
Mrigal fisheiy have boon discussed. 


Introduction 

Studies leading to the elucidation of the ago and growth of commerically 
important species of fish are of vital significance in evolving effective policies for 
the management and conservation of their fisheries. Cirrhina mrigala (Ham.) is 
well known to sustain not only a very important inland capture fishery of India 
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but is a firtli of groat cultural value. Neither has any reliable ago indicator 
of this sf>oci(\s hitherto been kiiown nor lias its growth in the rivers of the country 
been studied. Some information, however, on its growth rate in confined waters 
is availcihhi (Bukht, IIMO ; Basu, 1040; Chacko and Ganapati, 1051). This paper 
initially prescmts evidenec on the valirlity of certaiii markings on the scales of 
Mriijal as indicuitors (d* its ago (Jhingran, 1957). Growth of the species, by utilising 
the s(!ales as well as by adoj>ting Petersen’s leiigth-frequem-y distribution method, 
is then dtdineated. Growth in weight has also been inve.stigated and size-weight 
and size-girth r(‘Iationshi[)s havn.* b(^<m worked out. Fimally, conservation of the 
sp(M-i(^s is discus.s(^d. A number of historical reviews and l)ibli<)graphios on age 
det(u*mifiation of fishes by nuuins of scales, whi(di, however, largely pertain to s})ecies 
of Umijxnate r<‘gions, is a\ ailable in tlu^ literature, notable among which are those 
by Bandelot (1875), Thompson (lOOt), Taylor (lOlb), Hutton (1021), Greaser (102(3), 
Mohr (1027, 1050, 1054), Graliam (1020) and Van Ooston (1020). TIkj tletermina- 
tion of the age offish hy nutans of sc^ales has Ix^en so e.vtcmsivt^ly used in temperate 
Higions during iho last four d(^< ad(\s that a detailed descri])tion of the method seems 
unmxxjssary. Sormi of the wcjII known (simmertdally important fishes whose growth 
and life historii^s have Ixam eluci<laU‘d by scale studic^s an* : salmon, trout, marine 
InuTing, Inalibnt, ])laicc, floundix-, sole, smidt, mackend, sardi!i(\ eel, liake, haddock, 
(xxl (‘tc. (\)nsideral)l(^ u(nk has also Ixxm done on ty[)ical frcishwater fishes notably 
in tin; Unibsl StaUvs cT America and (!am'via. Numerous investigators like Hile 
(1051, I05(>, 1011, 1042): Foerster (105(3): Van Oost(‘u (1025, 1029, 1057, 
1058, 1050, 1041, 1042): I3eckman (1041, 1042, 1045a, />. 1010): Ricker (1042): 

A}3plegate (1045, 1047) : Jobes (1055, 1045, I040a,5) : (Uriander (1015a, 5, 1918, 
l05Ga,/d : Stroud (1018, I040a,/>) : Ks(4imeyer (1050) Sprng(d (1055, 1055), l^arsous 
(1055), Kermcdy ( 1054a, />) : Alvord (1055) a’ld Godrey (1055), among many others, 
have successfidly utilised the scjilc-s for age and growth studic^s of freshwater fisln^s. 

littk^ uork on ag(^ (Uderniination, which has hitlunto Ixxm do:ie on Indian 
sp(x;i(‘.s, niariiH'. or otherwise, has largidy Ixxm confin(Ml to the Indian sardim^, 
Sardivclbi loufjirrps (Hort^cll and Naidu. 1024 ; Den am^san, 1045 : Nair, 1040 and 
Ghidamharam, 1050) end the Indian .shad, Ififsd iJlshn, (flora and Nair, 1040 ; 
Ghacko ft a/, 1018 ; (5ia(J\o an<l Krishnamnrli, 1050 ; Glnn^ko and Dixitiillu, 1051 ; 
Raj, 1051 and »lones and Mcnon, 1051). Other spixnes i?i vsNstigated an^ Thvnipfm 
jarhffd (Rao, PJ54), (’rnniei (Rao, 1055), and Rjistn JIujrrhtnfKpirtd (GhidaTti- 

haram and Krislmamurti, 1051). (^hevey (105(1 1052) studied a number of species 
of Indochina, Goidiin-Ghina and (dambodia and Devasundaram (1052) of Mugil 
r( phallus. Sheshap|)a and Bhimachar (1051, 1054) studied the s(;ales of (^unoglossus 
Pillay (1051) o\' Mugil in d(\ Pantulu (1050) of Anguilla hengaiensis 
ami Sarojifii (1057) Mugil parsia. Menoii (1955) has reviewed the work <lone on 
ago and growtli of tropical and sub-tropical fishes. Possible annular significance 
of (rertain markings on the scales of fishes of Indian waters has been made by cpiite 
a number of workers, but the validity of such markings as Itnie indicators of age 
has not bi^en critically established except in very few cases. 

Material, and methods 

The population sampled for the investigation reported here was from the 
River Ganga at Biixar (Bihar, India), where investigations to elucidate the growth 
of Cirrhina mrigala (Ham.) were commenced in June 1952. As hitherto no method 
had been known to determine the age of Mrigal, the basic approach for the study 
of the growth of this species was by following Petersen’s length-frequency distri- 
bution method inspite of its certain well known drawbacks, this being the only 
method possible under the circumstances prevalent then. However, early during 
the course of this work certain markings were observed on the scale surface, which 
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as subsequent work revealed, might bo used to determine the age of this species. 
A total of 5,179 specimens of all available sizes in the commercial catches was 
measurt^l during the period --Juno, 1952, to July, 1956. These monthly data 
were utilised for vxu’ifying the rc^sults obtained by scale studies of this species. For 
the latter, 4, .169 scales from 807 specimens of the size range — 103.00 mm. 
to 1,010.00 mm. in total length — were examined. All the scales were 
picked up for study from the region directly below the dorsal fin and above the 
lateral line. In a few cases the scales on the lateral lino itself wore also 
taken. Since the scales attain a fairly big size and are translucent, the only optical 
aid oc(u%sionally felt necessary to demarcate annuli like markings was an ordinary 
magnifying lens. The scales of juvenile fish and the detailed disposition of circuli 
in the annular zone in relation to those precteding or following siu'h zones wore 
also examined under the microsco})e. In a majority of the cases, however, the 
(thccks, especially the earlier ones, were clearly visible to the naked eye when the 
scales were held against an open window or a door in an otherwise darkened room. 
Measurements, along tlie median longitudinal axis of the linear distances between 
the a])proximate centres of tlu5 scale focn arid the mid-points of the various annuli, 
w(‘re taken directly on the scale surface by means of a scale dividcul into half-milli- 
metres. Lengths attained by the fish at the time of formation of the various annuli 

wore back calculated for each specimen individually using the formula : 

I 

wliere L is the length of the fish from which scahis were taken ; is the kmgth of 
the fish at the time of annulus formation ; I is the length of the scale from the 
focus to the anterior apex of tli(^ scale and the distam^e betwecTj focus and 
each annulus. A justification for the use of this formula is discussed later in this 
})aper. A frocjueiKjy table, showing sizes attained by Mrigal at dilTerent ages of 
its life was pre])arod, graphically represented, and compan^d with the (iorrespond- 
ing data and results obtained by the study of the length-frequency distributions. 
Finally, the growth picture of the sj)ecies has been elucidated by pooling the 
available evidences together. The markings, which, in the present study, have been 
interpreted as annular in nature, have been referred to as “annuli” in this paper, 
although their being conclusively termed so is subject to “known age method” being 
ap])lied (Jhingran, 1957). 

The variables, length and weight, of fi.shes are closely related, and are described 
by a high positive coefficient of correlation (Jhingran, 1952). Attempts were, 
therefore, made to see whether corroboration of the scale method could be got 
from a study of the Aveight-fre(pieucy distribution, in a similar manner as that 
obtained from the length-frequency distribution. Weight data on 5,129 specimens 
of Mrigal, taken in different months of the year during the course of the study, 
wore pooled for the corresponding months and graphically represented for study. 
Length -weight relationship was studied by the method of the least squares, and 
the fomula derived to convert length values into weight or vice versa, represents 
a rough and overall correlation between total length in millimetres and weight 
in grams of combined sexes varying in length from 78 mm. to 1016 mm. regard- 
less of the maturity of gonads or gut contents. The data on 4,930 weight records 
for fish of corresponding lengths, to the nearest gram, were pooled, and the average 
weight for fish at each millimetre interval was computed. A correlation table was 
drawn to determine the formula correlating the two variables. Total length and 
^th relationship was similarly studied with the aid of a correlation table by pool- 
ing the entire data, comprising 1,102 observations of the total length range — 
200 mm. to 1,010 mm. — into classes of one millimetre interval and determining the 
average of the corresponding girth values. An approximate overall length-girth 
relationship was thus obtained. Determination of sex and stage of maturity, which 
obviously affects girth dimensions, was not considered essential, since practical 
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fishery considerations require the fixation of only a niinimura size limit. Avail- 
able facilities in the field also did not permit the determination of sex. 

Validity of the scale method in Cirrfiina mrigala (Ham.) 

Theoretically a fundamental tenet of the ap})Iication of the scale method to 
the study of growth by tiack calculation is the occutTcncc of isometric growth 
betwetm scale atid bofly lengths. 'Fliis has usually been assunuid to be so, though 
wherever the relationship has been investigated it has been found to be more 
or less curvilirifiar, and some sort of a correction is, strictly sj>eaking, necHled to 
arrive at accurate back-calculated figures. Su<^h a relatH)nship is also to bo ex- 
pected b(i(;ause scales from subs(iquent to the hatching of the fish, when the latter 
has alnuuly attained a certain length and the later growth may not be mathemati- 
cally isometric. Figure 1 presents a scatter diagram, on an arithmetic plot of 764 
observations on total length of .If r/f/a/ of the size range — ISD mm. to 1,010 mm.~ 
phjtted against (torT(\spo!iding scale kmgths, showing a length range of 4 mm. to 
23.5 mrn., measure<l from the focms to the posterior extrtmiity of the scale in the 
median ant(U‘o- posterior axis. 44i(^ scatOu* of points does not indicatt^ a rectilinear 
relationship. Perhaps two or more straight lines (k^mitli, 1955) or a curve filled 
to the points, woukl })etter d(\s(!ril)e the scah^-body relationship, but, in view of 
only a slight sujooth curvature of the trend of the sc^atter in the (^ase of 
Mrigal, and abs<Mieo of a c.l(‘.ar indication of a llexioii ])oint in the available 
data, neuthor of the two ])roc(Mlures has been adopted. The gentle curvature in 
the scatter diagram has Imhmi prc^ferred to be m^gle(4ed and a recdilim^ar form of 
relationship between S(!ale an<l })ody lengths has thus })e(ni virtually assumed in 
tlie present study. A direct proportion has been a(?c(q>t(ul to facilitatcj handling 
a large volume of data without sacrificing scientific^ accuracy from the pra(;ti(^al 
fisheries viewpoint. Tliis procedure is further justified by a high coefficient of 
correlation, ( [ 0.96) between s(^ale lengths (focus to margin) and fish lengths 


Plate V : Scale 1 : Total length of fi.sh : 

308.3 nun. 

Date of collection : 
3-7-1952 

Shows one chock. 


Scale 2 : Total length of fish : 

59G . 9 nim. 

Date of collection : 

27-12-1952 
Shows two checks. 


Scale 3 : Total length of fish : 

736.6 mm. 

Date of collection : 
24-7-1952 

Shows three checks. 


Scale 4 : Total length of fish : 

762.0 mm. 

Date of collection : 

29-12-1952 
Shows four chocks. 


Scale 6 : Total length of fish : 

914.5 mm. 

Date of collection ; 
9-7-1952 

Shows five checks. 


Scale 6; Total length of fish : 

978.6 mm. 

Date of collection : 
3-7-1962 

Shows six checks. 


Scale 7 : Total length of fish : 

914.0 mm. 

Date of collection : 

28-6-1952 

Shows seven checks. 

(Two lines, one above the other, at the extreme left lower margin of sach print shows 
the total length of the actual corresponding scale at its antero-posterior axis in reation with 
the photograph arranged along with the same axis.) 
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l*lnh \ I Sr.iir S ; I'oial «>| ; 

‘MIL.) mm. 
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show Ihr total Irn^th ol tlu* actual coirc-|»omlm 
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Sc.i N' : 'Total IcMiLlt h ol li^h : 
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(total length) found in Mrigal. The value of r would undouhtedly bo still closer 
to unity were scales from (exactly the same location takeix for the stud}^ of this 



TOTAL LENGTH IN MILLIMETERS 

Tioxt-fio. I. 

Hcattor diagram showing a plot of 704 observations on total louglh of Mric/al 
vjirying in sizo from ISO mm. to 1010 mtn. against r^orrosponding scjilo longths 
(focus to anterior margin) varying in sizt? from 4 mm. to 23.5 mm. 


Plate VIII : 


Scale 1 2 ; Total length of fish : 

971 .9 mm. 

Date of collection : 

21-12-1952 

Close view of a sector of the 
scale showing breaks in the 
continuity of circuli in the 
annular zone. 


Scale 1 3 : Total length of fish : 
762.0 mm. 

Date of collection : 
5-4-1955 

Shows marginal annulus 
under formation. 


Scale 14 : Total length of fish : Scale 15 : Total length of fish : 

768.35 mm. 322 mm. 

Date of collection ; Date of collection : 

10-7-1955 25-1-1954 

Shows aheady formed annulus Shows accessory checks 

which are misleading. 


Scale 1 6 : Total length of fish ; 

844 . 5 mm. 

Date of collection : 
16-12-1962 

Shows accossry checks which 
are misleading. 


(Two linos, one above the other, at the extreme left lower margin of each print, show 
the total length of the actual corresponding scale at its antero-posterior axis in relation with 
the photograph arranged along the same axis.) 
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correlation. But, niricc in the y)resent work, scales wore picked from the same 
general location, a value of r of f O.Dh is (considered high enough to warrant the 
assumption of a rectilinear regression. In similar studies on certain spcxies of the 
same ffirnily as that of MrUjal viz., Lah^o rohila and (Jaflacatla, where S( ale.s from 
identi<{al locations wx*ro takcui, a value of r of f 0.99 was found in either case 
(flhingran, unpubliihfd). Further, flexions usually occcur in the early growth of 
the rudimentary H(;ale in the body-scale nilationshi]). "Fhe portion of the scale 
representing gi-owth from the time of the first annulus formation to d(?ath, appears 
to be nearly rectilin(?ar in mf>Ht pojiulations vvhicli liave been studied (Smith, lOoo ; 
Carlander, 1950). The (correctness of the assumption (jf rectilinear relationship 
betw'(5en sc.alo and body lengtli of Mrufdl is further borne out by th(i g(eiuu*al agree- 
ment of the results obtairuMl by the growdh .study of this fish by two altm’uativo 
nu-thods of iiuyuiry, which ane (comphetcely indepieiderit of each other, and are 
presented in the following sections of this payxu*. 

Platens V to VTI show ekivtm photographs of MrUjdl scales taken from fish, 
the total lengths of whi(!h are sp('.cified in the individual* illustration. fdiotogra])hs 
1 — 10 hIiow a varying number of a.nnuli as spe(!ifi(Ml in th(‘- leg(‘nd. Small conica.l 
paper strips, indicating positions of th(^ annuli, have been fmsttMl on the ])}i(d()- 
graphs to show the exatd markings interpreted as annuli. Tln^ illustrated sc^ales 
are taken from fish of varying hmgths, and show, in geiuTal, ima-easing number 
of annuli with increas(^ of fish length, wiii(;h phenomenon is regarded 1 as a pre- 
liminary evidence substantiating the validity of lugarding tli(?so markings as annular 
in nature. Another evidence ])ointing to the saim? (md is the (hsauasing distance*, 
seen in the majority of tlu*- illustrakMl scales, Ixdaveen siic.(;essi\ (i annuli with the 
advancement of ag<^, an induration of progr(^ssively slow^ rate* of grow th with increase 


Tabt.k 1 


Size-frequvnnf dlstHlmtlon of Mrigal at various ar/rs revealed by scfdr study 


Class 
cont roH in 
millirnot roa 




Number 

of (romplctcd annuli 





I 

TT 

TIT 

IV 

V 

VT 

Vll 

VITT 

TX 

X 

XI 

XTI 

137 

9 












182 

7.5 












227 

123 












272 

203 

1 











317 

14,5 

3 











362 

125 

20 











407 

55 

54 











452 

10 

92 











497 

3 

113 

10 










642 

— 

06 

13 










587 

. — 

59 

25 










632 

— 

38 

28 

6 









677 


20 

36 

7 









722 

— 

8 

32 

8 

3 








767 

— 

2 

30 

22 

6 

1 

1 






812 

— 

— 

14 

31 

8 

3 

— 






857 

— 

— 

1 

27 

30 

17 

2 

1 





902 

— 

— 

. — 

10 

26 

19 

17 

10 





947 

— 

— 

— 



3 

11 

7 

5 

2 




992 

— 











2 

2 

4 

3 

3 


1037 

— 

— 

— 

— 

— 

— 

— 

— 

2 

1 

1 

2 

Total 

748 

476 

189 

Ill 

76 

51 

29 

18 

8 

4 

4 

2 
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Tkxt-fiq. 2. 

Comparison of sizes attained by Mrigal at the time of various annuli formation (B) with 
themodes observed in the length-frequency distribution (A). 
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in ago. A oloso vicjvv of one of tlie scales, more magnified than the others, illustra- 
ted in jdiotograph 12 (l^late VTri), shows this pheiiomonou with exceptional clarity. 
While majority of the scah^s of Mrujal (except the regenerated ones) showed easily 
inter]>rctal)!(^ markings, some jjr(5sent<^d difficulties, and these wore, therefore, not 
utilis(?d for }>a(!k (alcnlation purj)oses. Two such, for tlie time being, inexplicable 
scales, sliowing arnnilidikf) niarkiogs v(u*v close togetlnu* are shown in photograplLs 
15 and Ifi (Plate VJU). 

Tab!(^ 1 prc'sents a frec[U(mcy distribution r>f the sizes of Mrigal attained at the 
otkI of the first tw(*lvo y(^ars of its life, based on bac'k cahmlations of observations 
on th(^ locatiorcs of annuli on siuales from S07 spficimens of tlie size range : P)3.0 mm. 
to mm. Figiin^ 211 shows a visually smoothemMi jilot of this frequency 

distribution. Enuugoncfi of a frequency, by this jirocedure, ’resembling normal 
distribution, is regarded as one of the proofs of th(^ validity of the scale method 
as applied to MfujuL Ff annuli are fornn^d irregularly, witliout any temporal or 
spatial relationship to agi;, such a normal, or near normal, frequency distribution 
of th(^ huigths, centres I round each ag(^ is not likely to occur. 

While the periphera.1 annuli in scahvs showing moie than four rings were found 
(‘rowdiid toge-th(U‘, in younger specimens the out(‘rmost annulus was found (dose 
to, or at the margin of the scal(‘s, in samples (collected during the period: Marcdi- 
rJune : Scal(^ 13 (Plate VdlF) illustrates a marginal annulus on a scale from a fish 
captun^d in April a.nd scaU^ Id an annulus m^ar S(‘alo margin already formed by 
July. Prom smdi obsi'rvations it has been tentatively infinTc^l that the annuli 
are laid down during tlu^ spring or summer months (Mandi-June), the probable 
reasons for whicdi ar(^ stated later in this })aper. Table 2 givers pooled size-fro({uen(!y 
distribution obtained in the months : Man h to May or Marcdi-dunc separately 
for the Vf'ars, 1053-1955 a.nd also the total pooled frecjuemiy for these months. 
Pigun^ 2A ])rcsenls a histogram of tlu^ total pooled size-fr(^(|U('ncy distribution of 
Mrigdl for tlu^ spring and summer months (Man h — Juno) of tin* years : 1953-1955, 
“superim|)os(Mr’ oi^ a smootlumed plot of the fre(|uency distribution of sizes attained 
at variojjs ages work(Hl out by utilisation of scales for ag(^ and growth stjidy, referi'cd 
to earlier. Pigure 2A shows otu". positivedy skenved prornifumt ])oa’k located at 
the extnune hdt i!i 22S mm. ( lass IoIIowimI by a l(*ss prominent one in the 497 mm. 
(dass and thre(> otht^rs w lnddi arc^ poorly in«licat(Ml in 57S, 75S and S58 mm. classes.* 
ddie ]K)sition ol the first peak in 1953 and 1955 ( Pablo 2) data is in 228 mm. class, 
both show ing ])ositiv(^ skewmvss, and in 1954 in 273 mm. (dass. Pigure 2B shows 
the positions of the first five peaks in 273, 197, t)77, 812, and 857 millimetre 
classes. A g(‘neral similarity in figuncs 2A and 213 with a (dose correspondences in 
the posit ions of the peaks in tins two, in parti(*ular, is regarded as a strong ovideiuo 
(hunonstrating that tlu' markings inter])ret('(l as aTvnuli are perhaps roally so. The 
ill-defin(‘d Tuiture of th(> last thioe modes in figure 2A is partly attributable to a 
greater- dispersion in th(^ si/os of Mrigul with increase', in age, resulting in groat 
overla]) of suecessiv(> y('ar classes and partly, it is believed, to a Ixigh fishing 
mortality w lnddi tlu^ fishery has und(Tgone for generations, so that, at the present 
day, the bulk of the catches consists of juveniles. 


♦ Owing to slightly difforent seriotion schemes having been followed in the preparation 
of Tables 1 and 2 there is a difference of one millimetre in the corresponding classes of these 
two tables, which is also reflected in Figure 2. Jt is obvious that such a slight difference 
does not at all affect the comparisons made in Figure 2. 
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Percentage of pooled size - frequency distribution in spring and summer months 
during the years 1953-1950 


Class centres 1953 1954 1955 1950 Total 

ill inillimotros March-May March- May Mar<‘h~Jiino March-.! line pooled froquoucy 


3 

48 

93 


138 

0.3 

2.4 


0.2 

0.6 

183 

4.0 

15.8 

0.3 

3 . 9 

5.1 

228 

39.0 

22.5 


27. S 

23.0 

273 

14.3 

31 . 1 

— 

19.4 

15.9 

318 

18.4 

7.6 

3.2 

6.6 

8.5 

363 

8. 1 

5.7 

11.2 

5.3 

7.3 

408 

l.l 

3.3 

14.7 

4.1 

5.7 

453 

0.3 

2.4 

10.5 

3.5 

4.2 

498 

1.1 

3.3 

14.4 

5 . 5 

6.3 

543 

0.4 

l.O 

13.0 

4 . 5 

4.9 

588 

0.4 

1.4 

6.3 

2.9 

2.0 

633 

0.4 

— 

4.6 

2.3 

2.0 

678 

1 .5 

— 

4.6 

2.9 

2.5 

723 


1.0 

3.9 

1.8 

1.8 

768 

1.5 

0.5 

3.9 

3.3 

2.6 

813 

1 . 1 


2.1 

1.6 

1.4 

858 

4.0 

0.5 

1.0 

2.0 

2.0 

903 

2.2 


2.1 

1.6 

1.6 

948 

1.5 

0.5 

1.4 

0.6 

0.9 

993 

0.4 

1.0 

2.8 

0 . 2 

0.9 

1038 






No. of ' specimens 
in sample 

272 

209 

285 

489 

1255 


Table 3 

Average size and weight of Cirrhina mrigala the time of various annuli for 7nat ion 


Number of 
completed 
annuli 

Total length in 

Weight in 

Millimetres 

Inches 

Grams. 

Pounds 

(1) 

(2) 

( 3 ) 

( 4 ) 

( 5 ) 

I 

290.9 

11.5 

245 . 7 

0.64 

II 

511.4 

20.1 

1,512.0 

3.33 

III 

670.5 

26.4 

3,618,0 

7.98 

IV 

797 . 4 

31.4 

6,324.0 

13.94 

V 

858.8 

33.8 

8,030.0 

17.70 

VI 

888.5 

35.0 

8,960.0 

19.75 

VII 

911.0 

35.9 

9,712.0 

21.41 

VIII 

921.8 

36.3 

10,090.0 

22.24 

IX 

947 . 0 

37.3 

11,000.0 

24.24 

X 

958.25 

37.7 

11,430.0 

25.20 

XI 

958.25 

37.7 

11,430.0 

26.20 

XII 

992.0 

39.1 

12,770.0 

28.15 
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Tlio jKKir rfjprosofitatioii of large? si/.od fisli ia tho catuhos is alsOj obv^ious in goneral 
from figuro 2. 


Aejic AND GKOWTH IN LENGTH 

A. A.s intf rprrtrd from .sralr study. ~V\u) data pre'soiitod in Table? 1 have boon 
ntilis(?d to d(?te‘rniiii(? the? reicaii le?!igth8 e)f Mrigal attairuMl in the? first twelve years 
of its vvliie h an? shown in e:e)lurnns 2 atiel 3 e)f Table 1] in inillinietr(?s and inches 
ros[>e?(;ti ve)ly. Kigui’e? she)w.s the‘ absohite? growth eairve e)f this s})eeies represc?nting 
tho average sizers of Mr'ojal at tlie thiie of tlie fe)rniation e)f tlie siie;ecssive twelve 


tooor 


900“ 

w a<x>> 

Ul 

2 700- 


i eoo- 

Z 500- 


X 

I- 


400 


» 800- 
ul 

eoo- 


ioo 


1-9 MM/M 
e-SMM/M 
9-1 MM/M 

10-6 MM/M 

IS-3MM/M 

I e-4 MM/M 

39-3 MM/M 


es 

3-3 
6 7 

13-9 

17*5 

24 2 

31-9 


d~"~l 2 3 4 8 6 7 9 iO n~ 12 

NUMBER OF COMPLETED ANNUL! 

Text- F ie j. :l 

The) curve) of growth of Mrigal in k'ugth in tho first twelve years of its life showing also the 
rate of growth during the first seveui yevirs and tho porcentage) of the total of seven years’ 
growth ocourring during e)ach individual yoeir. 


annuli. Oceurrene e of a very rapid growth in length is indicated in tho first four 
years of its life followed by a perioel of slow growth in tho following tlireo years. 
From tho end of the seventh year onwards, till as far as knowTi, tho growth may 
bo categorised as very slow'. Tho growth increments in length and tho growth rate 
in millimetres per month calculated sejiaratoly for each of the seven years of life, 
are given in columns 2 and 3 of Table 4. Tho latter is also indicated at relevant 
positions in Figure 3, A progressively declining growth rate with advancement 
of time is clearly soon in Table 4, and also in Figure 3. The maximum size attained 





CIRRHINA MRIOALA (HAM.) FROM TUB RIVER QANGA 117 

by Mrigal has been theoretically deduced to bo 1,0:10 nun (s(vo section 0.). 87.7 
per cent of the total growth of this tish in length is covortxl in the first seven years 
of its life. 31.9, 24.2, 17.o and 13.9 j)er cent of growth take place in the first four 
years respe(dJ\ ely (out of a total of stuen years). The relatives growth in length 
during each year (out of a total of seven years) is tabled in cohnnu 4 of Table 4, 
and the extreme right portion of Figure 3 illustrates the percentages graphically 
along with the gi’owth curve. 


Tabt.k 4 

A7inual growth increm^nt^ and growth ratfilfnorith of Oirrhina inrigala in 
length and weight in its first seven years 



Growth in longtli 


(irowth in woight 

Duration 

botw(M'n 

cheokH 

Growth 
incroinont 
in inni. 

Grow’th 
rato in 
mm. 

per month 

P«M<M>ntago 
of total 
growth 
(Kolativo 
growth) 

Growth 
inoromf'nl 
in grama 

Growth 
rato in 
grama 
p<n’ month 

Porc<nitagt> 
of total 
growth 
(Kolativo 
growth) 

(1) 

(-') 

(3) 

(4) 

(s) 

(«) 

(7) 

O-I 

290.9 

32.3 

31.9 

245 . 7 

27.3 

2.5 

T-Tl 

220.5 

18.4 

24.2 

1 200 . 3 

105.5 

13.0 

II - III 

1 59 . 1 

13.3 

17.5 

2100.0 

175.5 

21.7 

III -TV 

120.9 

10.0 

13.9 

2700.0 

225 . 5 

27.9 

IV- V 

01.4 

5.1 

0.7 

1 700 . 0 

142.2 

17.0 

' -VI 

29.7 

2.5 

3,3 

930 . 0 

77.5 

9.0 

VI - VII 

22.5 

1.9 

2.5 

752.0 

02 . 7 

7.7 

Total 

911.0 


100.0 

9712.0 


1000 


B. Growth a. interpreted from size frequency study . — While the study of Mrigal 
scales has furnished an overall picture, of the growth of the fish, a study of the 
length-frequency distribution, data for which are available for about four years 
besides coiToborating the picture of early growth of this spec if is delineated by scales, 
throws additional light on the det^iils of the growth rate in the first three years 
of its life. Figure 4 shows the histograms of the length frecpienoy distribution 
for the various months, over the period, June 1952 to June 1955, which wore nece- 
ssary to be able to trace the modes and also for elucidating the j)icturo of growth. 
Mrigal is known to breed in North India during the monsoon months, Juno- August, 
and the first time ‘the fish of the year’ enter the commercial fishery as fingerlings 
during the month of September. However, to comj)lete the pifituro, collections 
of the fry of the fish were made in June- July 1952, with a net made of mosquito 
netting. The Mrigal fry usually occurs mixed with those of some allied genera, 
collectively called major carps. Length measurement of 100 (mixed collections 
showing very little size variation) were taken, and included in the length- frequency 
data for that month. In the following account the term Group zero is used to 
designate the fish of the year, that is, fish which are in the same calender year as 
their year of hatching ; Group one for fish which are in their second calendar year, 
Group two for fish which are in third palendar year and so on, 
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Afcalynn of 1952 d^ita. — Four collocitioas wore rufilo duriag the porio I, .lune- 
Defjeruber. The mo les ut M nim. class in June-Jnly, at 138 nun. class in iSeptein))er- 
October and at 183 inm. class in December are caused by the fish of the year and 
represent th(^ zero group. The peak centred at approximately 108 mm. class in 
June-July and the isolated ])eak at 303 mm class in November are interpreted as 
representing tlie first year group and that at 543 mm. class in Juno- July and 033 mm. 
class in Decemlxir as re|)resenting the second year group. The right hand “tail” 
in »J line- July, 1052, and the rather prominent group in the class ranges (.‘entred 
from 813 mm. to 1,038 mm., in November, are undoubtfi(lly caused by iish highly 
lieterogonous in age and rej)resent a great overlap in sizes of fish varying in age 
from 3 to 12 y(iarH or more, d'he reasonableness of the interpretation presented 
here is sinm when j)ool(Ml data for ditferent years are examined, wiiich has been 
done and mentioned at a later point in this paf)er. 'riie lai^k of representation of 
evnm younger size groiqis during all the months is attributable to selectivity of 
gear or probablij segregation of year classes or migration to areas either unlished 
or inaccessible to gear. La(^k of progrciss in modes, with tlie passage of time is 
attributed to ( 3 rrm*s of random sampling. 

Analysis of /.9J3 data. —Niiw ctollecdions were made during the course of 1953. 
The promim^nt modc's at the extreme left in Scfitember, Novembfu: and December 
are caused by tlu‘. fish of zero group. (Iroup one ap{)ears in March, April, May, 
tfuly, Si^ptmnber, Octobiu* and November in 273, 318, 288, 393, 363, 318 and 453 mm. 
classes r(^spectiv(’'ly. The peaks in 498 mm. class in March and in 588 mm. class 
in November appear to b(». (jaused by fish of group two. The groujis. spread from 
(;lass (iontres 768 to 993, in .lanuary and Mar(4i, are caused by a heterogenous 
assomblagi^ of various year classes. 

Analysis of 1951 data. — Nine collections were made in the yvear 1951. The 
])oaks hi 138 mm. class in October and November repn^simt zeu-o group of 1954, 
Uroup one is well represented by modes in seven collections of the year viz., January- 
February, March, April-May, June, July, August, and OeJobor, (iontred in 273, 
228, 273, 273, 363, 498, and 453 mm. classes respectiv(^ly. 

Tndic'ations of Group two occur in 498 mm. class in March, in 588 mm. class in 
OctolxT and in 633 mm. class in Doemnbor. Group three a])pears to be represented 
at 687 mm in January- February. 

Analysis of 1955 data, — Eleven collections were made in the year 1955. A 
series of modes at the extreme left of the histograms for September, October, 
November and December prominently represents fish of that year. Fish of Group 
one appear very insignificantly in 228 mm. class in January. Group two is re- 
presented by modes in 498 mm. (Jass in March, 453 mm. class in x\])ril, 408 mm. class 
in May, 543 mm. class in June and July and in 498 mm. class in Septemlier. Group 
throe appears to be represented in 687 mm. clavss in February-March and in 768 mm. 
class in July. 

Analysis of 1956 data. — Six collections were made upto June in 1956. Group 
one is seen in modes within 183 mm. class in tfanuary and 228 mm. class in March, 
April and June and Group two in modes witliin 453 mm. class in tfanuary and 
498 mm. class in March. Group three is detectable in 633 mm. class in January 
and in the same class in February and May. 

Threading together piecemeal evidences on the lengths of younger age groups 
in various months, suggested by relatively bettor defined modal locations (given 
in Table 5) in the thirtynine collections, spread over four years, a picture of the 
early growth of Mrigal, carrying it upto about the middle of the second year group 
(third calendar year of fish’s life) has been drawn in figure 5. Due to a combination 
of probable causes, already stated, even all the younger age groups are hardly 
represented in the catches of a given month, which make the interpretation 
of length-frequency data very difficult. (The collections of June-July, 1952, 
October, 1954 and January, 1956, are relatively better representative of the year 
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classes.) The ])icture is, however, hrightenod eoiisiderahly if the data for the eorres** 
ponding months ot all t]\e four years are pooled, although such a procedure ignores 
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Table 5 

Approximnie tnodul locations in ynilUtnefres utilised to draw rarb/ growth picture 
upto about 2 year old stage of Mrigal 

1952 1953 1954 1955 1950 


month : mid -point 

month : 

: mid- point 

month : mid -point 

montli : mi( 

l-]>oint 

month : 

; mid -point 

♦Tune-Jiily 

3 



zero -year 

group 





Soi^t.-Oct. 

138 

8opt. 

138 

Oct. 

138 

Sopt. 

138 




— 

. — 

Oct. 

138 

— 

— . 

Oct. 

138 

— 

— 

— . 


Nov. 

138 

Nov, 

138 

Nov. 

138 


— 

Dec. 

183 

Dec. 

273 

Doc. 

22.S 

Occ. 

183 

— 

— 





first-year 

Jan. -Feb. 

grouj> 

273 

Jan. 

228 



— 

— . 

March 

273 

March 

228 

— . 

— 



— ■ 

— 

April 

318 

• — . 



— 

April 

228 

— 

— 

May 

228 

April -May 

273 


— 

— 

— 

— 

— 

— 

J une 

273 

— 

— 

June 

228 

Juno -July 

408 

July 

363 

July 

363 

— 

— 

— 

— 

— 

— 

— 

— 

Aug. 

408 

— 

— 



— 

— 

Spot. 

363 


— • 

— 




— 

— 

Oct. 

318 

Oct. 

453 

— 

— 

— 

— 

— 

— . 

— 

— 



— 

— 

— 

— 

— 





second-year group 



Jan, 

453 

— 

— 

Mar(4i 

498 

— . 

— 

Fob. -March 

498 

March 

498 

— 

— 

— 

— 

— 

— 

April 

453 

— 

— 

— 

— . 

— 

— 

— 



May 

408 

— 

— 

— 

— 

— . 

— 

— . 

— 

Jimo 

543 

Juno 

543 

— 

— 

— 

— 

— 

— 

Sept. 

498 

— 

— 

Dec. 

633 

— 

— 

— 

— 

— 

— 

— 
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the variations in the i^owth rates wiiieh might be oreiirririg from y(*ar to year. 
Table 6 prescNits siieh a pooled si/.e-fre(|uen(y distribution and Figure f) illustrates 
the histograms for all the twelve months of the year. Although th<' breeding ot 
Mrigal is known to extend from .June to August, July has been as a typical 

month for breeding and an area ernrlosed with dashes at tin* extreme UJt of tlie 
histogram for July in .‘J mm class indicates the recruitment of tlu^ spe< i<‘s iiito the 
environment tliough not into the fishery at this stage. Thc^ grovtli of the fry is 
extremely rapid during the monsoon months, and by autumn they i-cuich the finger- 
ling stage indicated by modes in IJ8 millimetre class in Septem})er, 0(dober and 

Tabcc 0 

Percentages of pooled size frequency dintrihution of the corresponding months 
during tfn' period Juite, 1952 to July, l‘jr>6 


Class 

cnntroH in .Tan. Voh. March April May .luru' -Inly A\ig. Scpi . Oct. Nov. Dec. 
miiiitnotrus 


3 

48 

93 IS. 2 13.2 4.4 


138 

7. 

7 

7.7 







I . 

0 





55 . 4 

69 


43. 

.7 

o 

9 

183 

16. 

0 

15.0 

10. 

6 

0. 

9 

3 

5 

4. 

8 

0 

8 



9 . 9 

s 

7> 

17. 

5 

IS, 

. 5 

228 

12. 

4 

13.9 

26. 

7 

16. 

4 

4(i 

2 

1 1 

9 

2 


0. 

9 

(> . 5 

3 

9 

4 

() 

14, 

, 8 

273 

15. 

4 

16.4 

8. 

4 

23. 

9 

8 

9 

14 


3 

1 

1. 

3 

4.S 

o 

5 

6, 

. 7 

23 

,4 

318 

4 

,0 

5 . 5 

0. 

9 

14. 

•> 

5 

8 

7, 

.3 

9 

A) 

IS. 

9 

1.4 

2 

3 

5 , 

. 5 

4 


3C3 


.3 

1.8 

2 

7 

17 

0 

4 

4 

9 

.3 

23 

.0 

25 

9 

1 .S 

3 

9 

2 

.9 

1 

. 5 

408 

5 

.0 

1 .8 

4 

0 

6 

9 

4 

9 

9 

A) 

20 

.4 

25 

0 

1. 1 

3 

S 

1 

.3 

1 

.0 

453 

8 

.0 

2 . 5 

6 

<> 

7 , 

5 

2 

2 

4 

.4 

10 

.3 

{\ 

9 

1.3 

4 

.> 

9 

2 

1 

.3 

498 

4 

.0 

3.6 

12 

0 

4 

7 

3 

1 

4 

.9 

•> 

. H 

•> 

(> 

•> •> 

1 

7 

1 

.3 

1 

. 1 

543 

4 

.3 

4.7 

6 

•) 

.» 

5 

1 

8 

7 

.8 

5 

2 

6 

9 


1 

9 

1 

.7 

4 

.3 

688 

:i 

.0 

5. 1 

3 

5 

1 

9 

2 

7 

4 

.6 

3 

.4 

2 

0 

0.2 

1 

S 

2 

.9 

6 

.4 

633 

6 

.0 

5. 1 

V) 

o 

0 

3 

3 

5 

2 

.0 

3 

. 1 

1 

t 

9.3 

1 

7 

9 

.7 

7, 

,8 

678 

4 

.7 

8,8 

•) 

2 

1 

3 

3 

5 

1 

.9 

1 

.3 

0 


9.2 

9 

5 

9 

.7 

6 

.4 

723 


.7 

4.4 

u 

9 

0 

3 

1 

H 

o 

.6 

1 

.3 



9 . 5 

(» 

5 

0 

.3 

3 

.3 

768 

1 

.4 

0.7 

2 

2 

1 

3 

1 

H 

4 

. 1 

4 

. 1 

2 

(> 

0.2 

9 

•> 



1 

.4 

813 

0 

.4 

0.4 

1 

8 

0 

() 

0 

4 


.0 

«> 

.() 

1 

7 


9 

1 

0 

.7 

0, 

.1 

. 858 



0.4 

3 

5 



3 

5 

*> 

.4 


.6 






0 

.4 

0 

.6 

903 

0 

.7 

0.7 

1 

3 



1 

S 

o 

o 

*> 

‘> 

6 






2 

.4 

0, 

,4 

948 

1 

.0 

0.4 

o 

6 





1 


1 

() 






2 

0 

0. 

,4 

993 



0. 1 

o 

2 

0 

.3 



0 

.9 

0 

8 






1 

6 

0. 

1 

1038 




0 

5 














0 

, 2 



No. of Hpociinens 
in sample 299 

274 

2; 

26 

318 


25 

589 

387 

116 

626 

950 

4^ 

>1 

718 


5179 


November histograms in Figure (5. Breeding, spread over 2i or .3 months, may 
bo responsible for non-shifting of the modes during th(^s(’> three autumn months 
inspite of which, however, the average length of th(^ size group shows a ]n-ogress 
during these months as may be seen in the negatively skewed distribution of the 
relevant size-group in September changing to positive skewness in November. Pro- 
longed breeding, however, shows its effect in the great spread of the length range 
of this group, as is seen in the December histogi*am of figure 0, where the fish of 
the zero group exhibit a bi-modal distribution with the approximate ieentre in the 
228 mm class. Group one can be traced by prominent modes in all the histograms 
from January to August, and it appears that progress of average lengths during 
the period — »Tanuary-February to May-June — is slow, and becomes rapid there- 
after. September to November histograms do not show any ago group prominently 
except that of the zero group: this is due to the great concentration of the energies 
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LENGTH IN MILLIMETRES 

Text-fig. 6. 

Histograms of the length-frequency distribution of Mrigal of the data — June, 1952 
to June, 1956 — Pooled for corresponding months given ia Table 6. 
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of fishonnofi to tho dostructivo capture of carp fingerlirigs (Jhingran and Chakra- 
horty, 19o8) and (ra})tiiro of Ililsa, which is abundant at this time of the year 
(Jhingrarj, 1950) in the Jtiver Gariga at Buxar. The abseru^e of tish of Group 
one, in the liiHiograni for I)e<:einber, wliere a mode centred in the 033 niilliinetor 
(•lass is present, is im^xplicable s])ecially when this group is so j)roininontly seen 
in tlie 453 mm chi,ss in January in tlie histogram for which month it is to be terme^l 
as hsh of (h*ou{> two. Grouj) two is tr<ic(uibIo in January, March, April and May 
in 453, 49S, 453 and 49S millimetre classes respc^ctively, in June-August in 543 mm 
class and in Novfunlx^r and Detxunber in 58H and 033 mm classes r(3spectively. Group 
thr(?e is trac(xible in <>33 mm class in *fanuary and in 087 mm class in February, 
Marcli and April. Slanting lines passing through or the vicinity of modes, repre- 
senting a sonH‘what sim})lified pi(;ture of grow th and tracing it upto the third year 
group stag(^s luivf*. been drawn in Figun^ 0. The parallel trend of the straight lines 
indicates the corrcH-tncss of tlio inter])retation of growth offeiud here. Pooling 
of length-frccpuuiey data has rendered tin* carrying of growth picture to a measure 
fartlu^r tlian w'hat was possible in the irder[>r<4ation of u?ipooled length-frequencies. 
The positions of modes dis(;ernible in Figure 0 are given in Table 7 enabliTig a detailed 

Taulk 7 

Approxdmntv inoffal lorafions iji niilli tuifrcM hf the pooled frequency 
dislrihutUm data utilised to draw early yrowth picture upto (djout Group 3 

tiUtqe of Mrigal 


Montli : Mi<l-pciiit 

Month : 

Mid-point. 

Month : 

Mid -point 

Montli 

: Mid-})oint 

/.cro-y(Mir group 

fir.st yoar group 

H(H‘ond- 

•year group 

third-year group 



.Ian. 

183 

Jan. 

453 

Jau. 

933 

— — 

Fob. 

273 



Fob. 

978 

— — 

March 

228 

March 

498 

Mfvrcti 

678 

— 

April 

273 

April 

453 

April 

978 

— — 

May 

228 

]\[uy 

498 


— 

Juno- July 3 

Juno 

273 

JuiU) 

543 


— 

— — . 

•July 

3e3 

July 

.543 

— 

— 

— — 

AugUHt 

303 

August 

543 

— 

— 

Sopt. 13S 

— 

- - 

— 

— 

— 

— 

Got. 138 

0(;t. 

153 


— 

— 

— 

Nov. 138 

— 


Nov. 

588 

— 

— 

Dexu 273 

— 

. — 

Doc. 

933 

— 

— 


interpretation of the histograms in the sluipe of a growth curve shown in Figure 7. 
TIkuh^ is no appreciable^ dilTeren(?o betwtH>n tlu^ growth pictures elucidated by scales 
and those brought out by the use of the length-frequency distribution, wliich again 
shows tlie correctness of the int(u*pretation gi\en here. The growth curve drawn 
by passing a line through the middle of scatt(?r of plot of moclal locations (Figures 
5 and 7) throws light on the relative rates of grow th in different seasons of the year. 
Rainy and autumn seasons (July-October) are those of fast growth, additional 
support for wdiicJi ])henome]U)n is obtained by the general observation of great 
abundance of planktonic; organisms during these montlis. The food of fry and 
fingorlings of major carps is known to (;onsist of plankton largely. Spring months 
leading into summer are interpreted as periods of slow growth. It is during these 
months rouglily that the annuli are believed to be laid. Investigations on the 
feeding of Mritjal, extending over a full year, carried out by another worker of 
this sub-station have shown that in Mriqal, of all sizes, the intensity of feeding 
is very low^ during spring and summer months. Starvation thus suggests itself 
as a probable cause of annulus formation. That the growth during these months 
is merely slowed down, but does not cease completely, is borne out by the large 
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broad band-shaped annuli shown in practically all the illustrations given in plates 
I to IV. It may be seen with exceptional clarity in scale 14 (plate IV). The growth 
curve thus merely tends to become horizontal during these months but does not 
become parallel to the x-axis (Figures 5 and 7). 



Growth curve of Mrigal interpreted by pooled length-frequency data graphically 

shown in Figure 6. 


Because of the crowding of annuli of later years towards the scale margin 
reading of their exact locations became difficult. This fact has resulted in the 
back calculations of sizes, in some cases, also defective. Same average lengths 
emerge for the tenth and the eleventh years which obviously cannot be the case 
because the fish grows to over 1,000 mm. Similarly the point for twelfth year is off 
the line in Figure 3. Further, out of a theoretical maximum length of 1,039 mm. 
only 992 mm. are accountable with the material studied, and this fact enables the 
conclusion to be drawn that Mrigal attains an age higher than twelve years. Exa- 
mination of more scales of large-sized fish and use of scale enlarging apparatus may 
throw more conclusive light on the growth of this fish during the j>oriod preceding 
natural death due to old age. These are, however, largely theoretical matters because 
practical fishery considerations cease in this fishery after an attainment of the age 
of seven. 


C. Maximum length attained by Mrigal 

The ultimate length attained by Mrigal has been determined graphically at 
a point when the length at age n equals length at age it+1. Figure 8 shows a 

3 
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plot of Bizos at ago n against sizes at /i f 1 wherein an intercept of a line at 46"^ 
is siiown with the transformed growth line. 


Mathematically : 1^ 


^ whore 


ultimate length, ^ length at age I 


and 


/a ^2 


^4 

l.-h 


or 




or 


Jn _}n-l 


In the (;ase of Mr 'ujal or, the ultimate length, works out to bo 1,039 milli- 
metres, as may ])o seen in Figure 8. The maximum length of Mrigal encountered 
in the fhdd was I, Old mm on I8th Novemlxu*, 1952, only 23 mm short of the 
theoretical ultimate length. This fact shows that the collections which have been 
examined in the present study, cover practically all the fish sizes which occur in 
the {)opulation samplwl. 



Tbxt-fiq. 8. 

A plot of sizes of Mrigal at ago n against sizes at age n-fl showing the ultimate 
length attained by the fish. 
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Age akd growth in weight 

An attempt was made to find out whetlier tlie weight-frecpienoy distribution 
lends further support towards validating the ap])lication of scale-method in Mrujal, 
and whether the same can be successfully utilised for the study of growth in weight 
of this species. Weight of Mrigal 8am}>led for the present study, ranged from 
3.5 gm. to 17,548.6 gm., and Figure 9 presents the weight-frequency distribution 
in 71 classes with a class interval of 250 gm. "riie number of specimens beyond 
the 4,875.5 gm. class are very few to elicit any clear modes and even those in 
smaller classes are rather difficult to interpret. A class interval of 250 gm. appears 
too wide to bring out peaks of fish representing groups zero and one. Aj)parently 
for this reason tlxo first peak in the histograms, for all the twelve months of the 
year, lies very close to the y-axis and hardly shows progress with the advance of 
time. In order, therefore, to elucidate growth in weight of fish of zero year class, 
the class interval was reduced to 50 gm. and specimens weighting upto 1 kg. 
seriated, combining data of the corresponding months over the duration — June, 1952 
to July, 1956. Table 8 shows such data. When thus treated the modes represent- 
ing fisli of the year and upto tlie comi)letion of the so(*()nd calendar year become 
clearer, as are shown in Figure 10. The broad bases of the peaks in September, 
October, November, A])ril and June and oven bi-niodality (situatol close to each 
other) in December, January and February are interpreted to bo duo to somewhat 
])rolonged breeding season of the spec^ies. Straight lines, passitig through the 
approximate modal locations, making allowance for errors of random sampling, 

Tabt.k 8 

Percentage of pooled loeight-frequency distribtition of the corresponding months 
during the period- June, 1952 to July, 1956 up to 1 kg. weight 


Class range Jan. Feb. March April May Juno July Aug. Sopt Oct. Nov. Doc. 


- 50 
51-100 
101-150 
151-200 
201-250 
251-300 
301-350 
351-400 
401-450 
451-550 
551-600 
601-650 
651-700 
701-750 
751-800 
801-850 
851-900 
901-950 
951-1000 


23.7 

27.3 

16.7 

14.9 

20.0 

23.8 

13.7 

15.5 

7.1 

8.3 

2.0 

2.4 

1.0 

3.6 

1.0 

0.6 

0.5 

1.2 


0.6 

0.5 


0.5 

0.6 

4.2 


2.0 


7.1 

1.2 



0.3 

12.7 

11.4 

64.7 

12.9 

7.2 

16.4 

1.2 

9.3 

1.2 

6.8 


2.9 

0.4 

7.5 

0.4 

8.6 


7.5 

2.5 

4.3 

2.1 

4.6 

2.5 

3.2 

5.1 

4.3 



0.8 

7.9 

12.0 

7.9 

15. 1 

7.9 

10.8 


10.6 

2.6 

6.8 

5.3 

2.3 


3.1 


5.1 

7.9 

3.1 

10.5 

0.8 


4.6 

7.9 

2.0 


5.4 

18.4 

0.6 


4.6 

10.5 

1.7 


0.8 


3.5 

13.2 

0.3 


2.9 

1.6 

1.2 

1.1 

5.7 

7.8 

4.9 

17.8 

4.1 

3.3 

3.3 

7.8 

6.7 

1.1 

17.8 

3.3 

0.8 

14.8 

24.8 

2.9 

12.3 

8.9 

1.2 

8.6 

20.0 

2.9 

0.8 

8.6 

4.4 

0.4 



82.0 

75.0 

4.6 

6.2 

4.1 

1.5 

2.9 

6.8 

1.2 

1 .6 

1.3 

1.2 

0.3 

0.9 

0.2 

1.4 

0.2 

0.9 

1 .3 

0.8 


1.2 

0.8 

2,4 

0.9 



2.4 

0.7 

3.8 


71.8 

21.3 

6.9 

12.4 

2.1 

24.3 

3.3 

23.8 

4.9 

8.9 

3.1 

3.1 

2.3 

0.9 

1.0 

0.9 

0.5 

1.3 

0.8 

0.2 

0.5 


1.0 

0.9 

0.3 

0.9 


0.2 

0.5 


1.0 

0.9 


No. of specimens 

in sample 198 168 235 280 38 350 244 90 588 860 390 449 

«= 3890 


are shown in Fi^re 10. The linos trace the weight of the zero and first year 
groups in approximate terms. The isolated peaks seen situated btayond the 275 
gram class, in Figure 10, do not lend themselves to interpretation. Turning now 
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weight in grams 


Text-fiq. 9. 

Histograms of the weight-frequency distribution of Mrigal of the data — June, 1952 to June, 
1966 — pooled for the corresponding months. (The exact value of frequency is indicated 
near broken line marks in oases where it falls beyond the limit of the scale of y-axis. 
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> 



Text-fig. 10. 


Histograms of the weight -frequency distribution of Mrigal of fish weighing upto one kilogram 
given in Table 8. (The exact value of frequency is indicated near broken line marks 
where it falls beyond the limit of the scale of y-axis.) 
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to Figure 9, the first |>oak in all the histograms, lying close to y-axis, as stated 
above, ropresents (;oinbine<l ])eaks of zero and first year groups". However, the 
extension of the distribution of the first peaks towards right in general, with 
progress of time, and the occurrence of a distinct peak in 875 gm. class in October 
indicate the indentity of the first year group. Second year class is, on the whole, 
seim better isolated in Figure 9 anrl the peaks representing it arc disc(Tnible in 

875.5 gm. class in January, in 1,375,5 gni, class in April and 2375.5 gm. class in 
October, Novcunber and Oecernber. Indications of the third year class are seen 
in 2tH5 gitj. class in the histograms from January to April and those of the fourth 
year class in .Ui25..) gm. class in .ranuary and Fcdu'uary and in 3825.5 gm. class in 
the histogram for May. 33ie histogram for January shows four somewhat (dear 
peaks in 125.5, 875.5, 2375.5 and 3()25.5 gm. classes wliich approximately represent 
first to fourth year classes r(\sj)e(Jiv (dy. 

On the whole it may be remarked that the weigh t-freHpiency distribution data 
do not lend themselvc^s to analysis, as to growth study, very satisfactorily. Only 
an approximate idea of growth in weight, upto a little beyond the third year 
stage, can, however, be obtaincfl from this study. Panels 4 and 5 of Table 3 give 
weights in grams and ])ounds lespt^ctively of fish of different ages determiTied by 
using the length-weight ndatioTiship formula spi^cific for Mrigal. The growth in 
weight, as far as it can be ascertaiiied from the weight-freijuency study, agrees 
with lengths of fish of corn\s]>()nding ages, and in this sense, the weight-fi’etpiency 
study adds support towards valiflating the application of scale-method to Mrigal, 

Figure? 1 1 shows the absolute? growth curve of this species representing the 
weights of Mrajal at the time of the formation of the first twelve annuli. Sigmoid 
nature of the curve is obvious. 3'he curv'e rises slowly at first, with an in (Teasing 
slope, followed by a decreasing slo]>e during the remainder of the curve. The 
growth in(;rements in weight and the growth rati? in gi*ams per month, cahuilatod 
separately for oai^h of the first sev^on years of life, are given in columns 5 and (> 
respectively of Table 4. The latter are inserted at appropriate positions in 
ligure 11. I he growth rate risi^s from 27.3 gm. per month in the first year to 

225.5 gm. per month in the fourth year of life. Tlii^ point ( 3 f infle(?tion thus 
occurs when the gn^wth rate in the? fifth year decreases to 142.2 gni. per month 
and descends down to fi2.7 gm. per month in the seventh year. 76.0 per cent of 
the total growth of this species in weight is covered in the first seven years of life, 
65.1 per (‘ent (3f which (of a total of seven years) occurs in the first four years. 
The relative growdli in weight in each of tlm first seven years is given in column 7 
of Table 4, and the extreme right porti(3n of Figure 11 illustrates these percent- 
ages gi’aphically along with the growth curve. ITguro 12, which depicts a plot of 
percentage of total growth (total of seven years) in individual years in length and 
weight (givt?n in columns 4 and 7 respectively of Table 4) against the appropriate 
number of conipleted annuli, brings out the difference in growth pattern between 
limgth and weight. While the maximum growth in length occurs in the first year, 
the maximum growth in weight takes place in the fourth year. The growth in 
length takes place at a progressively decreasing rate and that in weight gradually 
rises to a peak between the third and the fourth year, which period is preceded 
and followed by pericnls of slower growth rates. 

• ^ bring out another aspect of the Mrigal fishery quite 

lucidly, which is that fish of low weight efominate the cat(?hes. Without excep- 
tion, the region of maximum frequc?ncy lies towards the extreme loft of the 
histograms for all the months. Reference to this will be made again at a later 
stage in this paper. 

A. Size-Weight relationship 

OH 4,930 observations on total lengths of fish varying from 78 mm. to 
1,016 mm. and weights of corresponding fish ranging from 3.5 gm. to 17,548.6 gm. 
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Tbxt-fio. 11. 

The curve of growth^of Mrigal in weight in the first twelve years of its life showing also the 
rate of growth in the first seven years and the percentage of the total growth of seven 
year occurring during each individual year. 
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TjiXT-rio. 12. 

P«roent«go of growth in individual year of life of tho total growth in seven 

year» plotted against the number of completed annuli. 
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Text-fig. 13 . 


Tlie longth-woight relationship cm vo of Mrigal with sizes and weights of Mrigal attained 
in different years of life. Large black dots rejiresont the calculated weights an i smaller 
ones show averages of a few observed weights of the corresponding lengiUis. 
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the length- wei;^ht rolatinnship of Mrlgal can bo described by the following 
forriuilae : 

Log Weight ~r).r>4534 r3.22l Log Length. 

The length-weight relationship worked out by th(i author (Jhingrari, 1952) 
vuvVnn' was in njspect of fork length as against totaricngth dealt with liere. Figure 
13 shows th(i total-ltuiglh- W(ught relationshi[) curve o?i arithmetic grid which also 
shows tlie si/(js and weights of Mrlffal in millimetres and grams respectively 
readied in the first twelve years of life (data shown in Table 3). 

Hki.ationship between len<jth and otrth 

With th(5 practical object of deciding upon thc‘ minimum mesh limit, should 
tlu^ (-onservatiori of Mrujal fishery apjH'ar to mak(^ it mujcssary, a general length- 
girth relationship \v7is stu<li(sl. The limitations of this study are stated earlier 
under '"Material and nmthods”. 1,102 ol)ser\'ati(»iis on fish ranging in total lengtii 
from 200.0 mm, to 1,010 Turn, and in girth from 82.0 mm. to 730 mm. have been 
utilised for his exposition. Figure 14 shows a jilot of girth against total length 



Text-fio. 14. 

Girth of Mrigal in milUmotros plotted against total length in millimetres. 


both in millimeters. The scatter diagram reveals a slightly curvilinear relation- 
ship. A plot on a double log scale renders a rectilinear form of scatter which is 
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shown in Figure 15. The length-girth relationship i.s rleaeribed by the following 
formula : 

Log Oirth -- -0.758780 ft 1840 Log length. 



LOG LENGTH 

Text-fig. 15. 

Log girth of Mrigal plottod against log total longjh and the regression line to fit 
the scatter of observed points. 
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Discussion 

A systoniatic an<l thorough .study of growth of Mrujal frorn any halhiat has 
not yot nuidc^ in Fndia. 'flio fish is rof)ortcd to grow 7 inches in .‘H months 

(Ihtsu, J!Mh) thus averaging 2 inches per month. (dia(*ko and Gana])ati (1951) 
report can attaiinmuit of IS" to 24" and a weight of 2.5 to 4,0 lbs. in one year in 
.sf)mo tanks and swarfi])s of th(^ Godavari and Krishna districts. Tr) Ghetj)ut Fisli 
Farm, the same autliors re.port that Mriifal lias attained 22"-20" and 3-5 lbs. in 
one year. Th(*y states that in Fehapur F^^isli Farm in X. Vizagapatam the fish 
attained a length of 12" to 15" by dune in 1950. The growth ratt^ is reported to 
be I A to 2 inches per month in the first yi^ar in finlilised waters. Tii the ])re8(‘nt 
work montli to month growth of A] rifjal in Itiver (ianga at Buxar has been traced 
u])to tfiird y(^ar-grou]) state (Figure 7) and av(‘.rcag(^ sizes attained by th(‘ fish upto 
twelve years of llf(^ have been delineated by utilising the s(*ale method. Somc^ 
of th(i abov(^ HtatiHl n^cords of growth by Gliacko and (hinajiati are pilu'P.onunial 
and probably d(imonstrat<‘ th(^ differemc* bidwt'cn conditions umhn* capture and 
(udturi^ fisheries. Afrujal in the Ganga at Buxar grows to an average size of 11.5" 
20.1", and 20.4" in the first threat years cand attains an average wenght of 0.54, 3. ‘13 
and 7.9S His. r(\s])ei‘tivoly. Tin*, overall growth rate in length in tlu^ first three 
y(*.ars is 32.3, IS. 4 and 13.3 mm. piT month and in w(*ight 27.3, 105.5 and 175.5 gm. 
per month respiict iv(‘ly. 

A d(dail(‘fl analysis a.s to tlu^ size and age composition of the commonual 
catches, s.tatisti< s of production, total fishing effort expen(h‘d and catclu*s in ndation 
to a])[>ropriat<‘ly devised unit of effort of tlu^ population iiuolved, ought to b(^ 
utiliz(‘d to judgi' tlu^ path Mriijul fishery has be(‘n following duririg tin*, course of 
its (exploitation from ancirmt times to the pn^srmt day. Such data, if a\ ailabki, 
would (M)ligh(en one as to the scopes for mon* intimsive ex]>loita.lion or necnl for 
consc'rvation. T)ef)l(*.tion, if it ocamrs, is usually acc()m])ani(*(l by cc^.rtain symptoms, 
one of which is nMluction in the avn*rage size and age of tin*, fisli availalilo to the 
cominercaal gear as (!om])ared with those available in the earlii'r years of ex])loita- 
tion. At th(^ [)r('S(‘.iit moment littic! is known about the spatial (iistribiition or the 
geografihical ranges of tiu* population or ])OpulatioMs invoKed, the morphological, 
anatomical or physiologicuil ^•hara(4t*rs with which to identify tlunn, if more than 
one populations (exist, and no cavtch statistics has boon maintained by any agency 
in the past (exc(^pt for c(n’tain seloided centr(‘.s where the Allahabad Suli-Station 
of the Gential Inland Fisheries H(^s('arch Station has been making observations 
on (•atch(\s for the last 5 or b y(‘.ars (Jhingran, 1959). However, efforts care iiow^ afoot 
to systematically start sm h studies over the entin^ Itiver Gangca as wa>uld lead to 
the elucidation of tin*, salient featun^s of the population dynamics of the fi.sherii's 
(jonceriu'd. Determination of the age of fish being an essential prererpiisite for 
the study of pofiulation dynamic's of MriijaU it is believed that the findings, reported 
here, open a new arena of investigation, which was hitlnn’to closed, and it is hoped 
that future studii^s, (Kuidiudod along jiroper lines, will lead to the formulation of 
a sound management policy of the fishery of this one of the most important Indian 
fresh water fish. It is desirable, however, to spe(4fi(\ally stcate that utilization of 
scales to deinpher age and grow th is full of pitfalls. The line of apyirocach pursued 
in the preso?it study is indire(d, though elaborate, and final confirmation of the 
issue will got when either the “knowni age method” (\"an Ooston, 1923 ; Apple- 
gate, 1947) or marking experiments tried. Kluc.idation (d growth structure and 
developmental physiokigy with proper staining technique t(^ demarcate areas of 
fast and slow' growth on the scale surfaces, such as were worked out for the first 
time by Wallin (1957) on roach Scales, if attempted on Indian species, will further 
enlighten the subject. 

Studies on the growth rate and relationship between fish length and girth of 
Mngaly presented in this paper, have a direct bearing on fixing ininiTnum legal 
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size limit and inesli regulation, should tlie adoption of tluise common conscnvation 
measures be found necessary by the fishing iiulustry to reap optimum catches and 
regulate the fisliery. Although low produ(;li\ ity and colossal (islung morlality of 
tlie juveniles of Mrigalmid other major carps (,)hingran, lOof) and 1957 : Jhingran 
and Chakraborty, 1958) are to bo treated as warning signals (Russel, 1942) 
no final verdict on the issue of de}>letion of the lisherv is w arranted at the present 
state ot knowledge. Demonstration of depletion is essentially a time-consuming 
process, and sustained studies, along lines indicated here, will lead to a better 
understanding of the fishery on the basis of w hich its i^onst'rvation has to be planned. 
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Kwhtwm/v 

'Plu' tit il i/al ioji rnorioxanrluiritlt'.s hy Pr.stulotii }ni}>ksi<i>in and P. ritri was siiidiod 

in dtdail. 'I’lw' iiitliinncM^ ortln'^v' diff»M»'nt t.y{«^s of nit roj^'ai (\ i/. ammtjninrn , r)i-^anic anri nitrate) 
nn Idle avssirnil itdori /‘ate nf ditTertaif snjL'ars was also ituest <ul. (dnadar p/ipt'f ediromato- 
^i’af)hi(^ fiadliod was tnuplny-ul l\>r daily analysis of tiu' rncditim. 

(dtMJO-i*) was ilu' Ixvst nionosiieeharitle. for llit' pn'sont oij^anisins. Maximum dry weight 
was attairnvl vvIk'D t Ins siiLMr was iiso<l in e.omhinat ion with aininoninm r-hloride. 

Alaruioso, gala,etoso, aruhinosr and xylose were also satisfaeiory sourees, Levnlose w^us 
good for t lut growth oC /^ h<irt h'^sin uti otdy. 

ilhamnost' and sorbose were \a*ry poor soun'es. ('hromatogra])hie analysis of tho 
medium s1h>w<s 1 that tllesr^ .sugais w<‘r<' not eotiHumt'd eomplett'ly by any of the organisms even 
in l.d tlays. 

Atldit ion of sorbo.se had very pronoiineed infiibitary t'ffeel on other mono.satreharifles. 
Ufcili/.a t ion of all ot he/- sugai’s was dt'layt^d in pr-e.seneo of sra bosc'. 

.Vmrnonium nitrogtm was supta-ior to orgarne or nitrate nitrogen. 

Conerally all tlie polysaeeliaridos or oligosaceliarides first got hydrolysed 
sitnple soluble (jorupontuits before^ they oan bo utilized as food by the (^elLs of th^ 
miero-orgauisius. "fho action of proper cxtratrellular eirzyino is iHu.essary to bring 
about tho rotKdion n^tpiirtMl to change tho substance into more simple soluble 
comfKUinds which can then diffuse through tint (;ell metidtranes. .Recent investiga- 
tions of d'andon and Bilgrami ( 1058) hav<^ shown t hat two s])ocies of Pestalotia viz. 
P. hanlcsiuHa anti P. citri utilized some of tho common oligosaccharides like ratlinose, 
sucrose and mtiltose etc., after hydrolysis. As the monosactduirides were the ulti- 
mate sugars to lie produced in the medium, it was decided to study the influeiKte 
of 8 different monosac(diarides on tho rate and amount of growdh of those two fungi. 

Previous observations of the authors (Tandon and Bilgrami, 1957, 1958) had 
shown that the utilization of sugars by the sjaxues of Pestalotia was also dependent 
on tho tyf)e of nitrogen source present in tho suhstratum. In view of those results 
it was (lecidcul to sup])ly three different tyj)es of nitrogen sources individually in 
combination with each of the monosaccharide used in the present investigation. 

Iiifluonco of mixing sorbose (whi(;h has generally been reported to bo very 
poor carbon source for most of the fungi) with other sources of carbon was also 
studied. 


Matertai.s and Methods 

Single s})ore cultures of Pestalotia banksiana and P. citri used in tho earlier 
investigations were employed. Eight monosaccharides (viz., glucose, levulose, 
galactose, mannose, sorbose, arabinoso, xylose and rhamnose) and three nitrogen 
sources viz., ammonium chloride, asparagin and potassium nitrate, were indivi- 
dually supplied to the culture medium*. It had 4000 mgs. of carbon and 490 mgs. 
of nitrogen per litre. Purest available chemicals of E. Merck or B.D.H. make 
wore used. 25 ml. of liquid nutrient (contained in 150 ml. Erlenmeyer flasks) 

*KH 2 Po 4_1*75 gms, MgSo4.7H20. 0*75 gm and double distilled water 1 litre* 
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was used to culture the organisms. The various media wore autoclaved at 16 lbs. 
pressure for 15 mts. Both the fungi were daily inoculated at a fixed time ( ± 26 mts) 
for 15 days in the autoclaved solutions. 

Triplicate sets were used in every case. Fungal colonies from each set were 
separately filtered on the 16th day. Filtrate of each day was chromatographically 
analysed while dried fungal mycelium was used as a measure of growth. Circular 
paper chromatograms were used. Butanol-acetic acid-water (4:1: 5) and aniline 
diphenyl amine phosphate served as solvent and spray reagent respectively. The 
average Rf values of various sugars were measured and liave been recorded in 
the text. 


Tabi^k I 

Showing thv dry weights ( in niijs) of Pcstalotid bftnkfiiatKt and V. cifri obtained, on 6thj 1 1th 
and. loth day on different combinations of monosaccharides and three sources of nitrogen. 


P. banksiana P, citri 


Monosacfjharidc'M Days of Nitrogen sourcos Nitrogen sources 

inoAibation — — — 

Amm. Asparagin Potassium Amm. Asparagin Potassium 




(jhlorido 


nitrate 

clilorido 


nitrate 


T) 

40 

35 

32 

31 

27 

26 

GIuooho 

10 

00 

66 

58 

56 

42 

44 


15 

00 

84 

76 

69 

59 

58 


r> 

.‘10 

40 

33 

20 

15 

10 

Levulose 

10 

76 

61 

57 

31 

27 

18 


15 

02 

78 

74 

44 

30 

22 


5 

:io 

32 

21 

26 

20 

21 

Mannose 

10 

57 

50 

39 

44 

35 

32 


15 

76 

70 

50 

54 

42 

38 


5 

37 

33 

24 

28 

21 

22 

Galactose 

10 

66 

58 

43 

41 

39 

37 


15 

82 

68 

56 

57 

48 

46 


5 

0 

2 

2 

6 

4 

3 

Sorbose 

JO 

16 

11 

6 

18 

13 

5 


15 

20 

14 

8 

20 

16 

5 


5 

27 

21 

22 

28 

25 

24 

Arabinose 

10 

44 

36 

32 

46 

44 

37 


15 

50 

48 

40 

60 

52 

48 


5 

.33 

29 

25 

18 

15 

13 

Xylose 

10 

51 

48 

43 

30 

27 

21 

15 

68 

60 

54 

40 

33 

28 


5 

21 

9 

8 

10 

9 

8 

Rhamnoso 

10 

26 

19 

16 

19 

16 

15 


15 

32 

25 

23 

26 

21 

19 


Experimental 

It is evident from Table No. 1 that glucose in combination with NH 4 CI served 
as best monosaccharide for both the species of Pestalotia. P, banksiana exhibited 
almost similar growth on levulose also, while P, citri showed much less growth on 
this substance than on glucose. Mannose and galactose were also satisfactory 

6 
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sources but they were dcicidedly inferior to gliicoso. Sorbose was the poorest 
niorioHaceharide. Aujougst the pentoses arabinose was slightly su])erior to 
galiKdose or mannose for P, ritri, while P. haiiLsiafui exhibited greater liking for 
xylose than for arabinose. lihamm>se was a j)Oor source but it was better than 
sorbose for both thejspijcies of PtsUilotia. 

1’he induencio of a<lditioM of sorbose on the utilization of other luonosacoharidos 
has been record(Mi in 4'able 2. 

A (iomparison of 'ral)les 1 and 2 shows that addition of sorbose to glucose’ 
levulose, maniu»se or galai/iost^ or to any of tlui j)entosos resultedi in limiting the 
enicumey of those sugars also. It was ol)S(?rv(Ml that the* vegetative growth of both 
the organisms on dilferent sugars was reduced to less than half by the addition 
of sorbose. 


'rAHi.i: n 

Sfiov'i Infliu'n^'v (if (idditUni aj S^irhosc on thr. dr// v'( njid ifivld {in of l\ ))anlvsiniin. and 

I*. (*i1 ri. 


I*, bnnk'iinno i\ vitri 

Days of’ Nit rog^-n sonraos Nitiogm suuroos 

inc’uhat icai ■ - - - • • — — - 

NJl.d’i Asparagin lV)la.ssiniii Amin. As])ju‘agiji Potassium 
nitrate chloiido nilralo 


( ilhaM)so 

T) 

15 

1 1 

10 

12 

9 

10 

and 

It) 

;u 

2(> 

23 

23 

17 

21 

Sorboso 

i;, 

41 

3() 

32 

30 

24 

28 

l^i'vuloso 

0 

14 

10 

S 

1 1 

8 

9 

and 

in 


23 

21 

P.) 

18 

10 

►SorboHe 

15 

45 

34 

30 

2s 

24 

<■)•) 

Mannoat^ 

5 

1 1 

It) 

7 

s 

0 

0 

and 

it) 

2:1 

21 

15 

17 

14 

1 1 

Sorbosti 

15 


32 

22 

20 

21 

10 

( Jalact oso 

5 

13 

0 

S 

5 

5 

() 

and 

10 

24 

2t) 

17 

11 

12 

10 

Sorf)OHo 

15 

:d 

2S 

20 

18 

14 

13 

Artif)inost» 

5 

s 

7 

5 

9 

8 

0 

and 

10 

IS 

M) 

12 

20 

15 

13 

Sorboso 

15 

27 

25 

18 

29 

20 

19 

Xyloso 

5 

12 

0 

7 

7 

0 

5 

and 

10 

25 

10 

14 

12 

11 

8 

Sorboso 

15 

31 

24 

19 

17 

14 

10 

Khamnoso 

5 

s 

5 

5 

0 

4 

5 

and 

10 

13 

11 

8 

10 

9 

8 

Sorboso 

15 

15 

13 

9 

13 

11 

8 


The results of chromatographic analysis of different media (using NH4CI as 
nitrogen source) are summarized in Table 3. 
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Tabi.k tIT 

Showing tin' ri\s'ultfi of the ( 'hronmtogro phic mutljfsis of different media during 
the growth of V. i)aiik8iaiia and P. oitri 


Name of t ho 
lUonosaL-oluirido 

P, hanl'siana. 

P. citri 

A 

B 

A 

B 

SorboRo Kf 0. 72 

If) 

15 

15 

15 

Glue 080 Kf 0 . C5 

7 

U) 

10 

i:{ 

Mannoso Kf 0 . 09 

10 

i:i 

12 

15 

Lovuloso Kf 0.70 

8 

10 

11 

15 

Galaet K f 0 . 04 

8 

11 

14 

15 

Arahinoso Kf 0. 71 

1 1 

14 

9 

15 

XyloRo Kf 0-74 

12 

15 


15 

Kiiamiios(> Kf 0. 82 

15 

15 

15 

15 


(Column A (l(>notos Uio mimbor of taken in utilizin^r a Hinjjclo monoaaeelwiride. 

ColumTi in<iicat<\s t lio number of days when sorbose was used in (‘oml)i nat ion with a jiart ifoilar 

moiioRae(diaridr'). 

Tablo cloarly sliows that utilization of all tho nionosaooharitlos by both the 
spooios of Prsfalolia was dolayod wluni sorboso was niixod with thou. Rhamuoso 
was not (consumed either singly or in coiubination with sorbose up to 15 days. 


DrscussioN 

Monosaccltarides are the most easily assimilable carbohydrates by miero- 
organisms. Our recent investigations have revealed that tho complex carbohydrates 
which wore usually present in tho host plant, are first converted into siinjdor mono- 
saccharides like glu(!Oso and lovulose and then utilized. The results of tho present 
investigation showed that glucose is the best monosac(tharide. Several investigators 
have reported that this sugar is tho most efficient source of carbon for a large 
number of fungi. Sojue have reported that its addition to other sugars had a 
stimulatory effect for some of tho fungi investigated by them. Our earlier investiga- 
tions had shown that maltose (a disaccharkle, composed of two glucose units) was 
the best oligosaccharide for both Pestalotia hanksiaim and P. citri, A comparison 
with previous results (Tandon and Bilgrami 1958) shows that maltose is a much 
better source than glucose for both the species of PeMalotia. The suy)oriority of 
maltose over glucose has also been reported by Brock (1951) and Agarwal (1955) 
for Morchella esculenta and Curvularia penniseti respectively. Our unpublished 
work showed that starch is also a comparatively bettor source than glucose. Blank 
and Talley (1941) also found starch and maltose to be better sources for Phyrnato- 
trichum omnivorum. They suggested that impurities of the chemicals might have 
been responsible for this behaviour. Maltose and starch of extra pure qualities were 
used by the authors and it is thus clear that the results are not due to anyimjmrity. 
It appears that tho behaviour of maltose or starch may be connected with tho 
availability of active glucose during decomposition of those substances by Pestalotia 
banksiana and P. citri. 

Chromatographic studies showed that with the exception of rhamnose and sor- 
bose all other sugars are consumed by the present organisms within the incubation 
period. The results also showed that the addition of sorbose to the culture medium 
results in slow utilization of good sources also. Levulose, mannose, xylose and 
galactose, which were individually consumed by P. citri in 11, 12, 13 and 14 days 
respectively, were not consumed completely even in 15 days when used in associa- 
tion with sorbose. It was also clear that addition of sorbose to any of these 
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moao«aooharidos considerably rerluces the dry weight. It was interesting to find 
that mannose lost its efficiency to such an extent that mycelial growth of P. citri 
on a mixture of mannose-sorbose medium was similar to that on sorbose alone. 
Lilly and Barnett (1953) have also reported the inhibitory effect of sorbose for a 
numbe^r of fungi. They reported that inhibitory action of sorbose is greater in 
j)resence of sucrose or maltose tlian with glucose. They further mentioned that 
in fact this sugar (sorbose) may be stimulatory in presence of glucose and inhibitory 
in ])resenco of sucrose or maltose. The size and complexity of the sugar molecule 
has been suggested to be the possible reason for this behaviour. The present 
results, however, showed that addition of sorbose to otlier monosaccharides was not 
beneficial in any case. The reason for the toxic effect of sorbose on the growth 
of micro-organisms is not clear to any worker so far. Chromatographic analysis 
of the medium showed that sorbose was not utilized by any of the tw'o species 
of PeMalotia up to 20 days though the autolysis of the fungal mycelium had already 
started by that time. 

Lilly and Barnett (1953) recorded interesting results of the nitrogen source 
on the rapidity with wdiich sorbose inhibition was overcome. They reported that 
hydrolysed cas<un counter acted sorbose inliibition more than asparagin or nitrate 
nitrogen. 1die results re[)orted herein show'od that ammonium nitrogen was most 
suitable source of nitrogen. It is felt that superiority of ammonium chloride is 
due to the K[)ecific choicte of these fungi for the ammonium nitrogen anrl not on 
account ofthe fact that ammonium chloride prevents the inhibitory effect of sorbose, 
ddiis statenumt is supported by the fact that those fungi as well as several other 
Hj)ecies of Pt^sUdotia have been reported to exhibit greater choice for ammonium 
nitrogen than for nitrate or organic nitrogen. 

Amongst |)e;it()S(‘s rliamnose was inferior to arabinose or xylose. Rhamnose 
is a methyl (xmtose i.e. it has CFL, grouping iii its striudure, while th«^ other 
two pentoses do not have this grouj). It is possible that (tflj group in rhamnose 
may have some prominent effect in the type of growdh o])scrved on this subs- 
tance. 
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Abstract 

The embryology of the following eleven species of the tribe Sabaloae is described ; 
Licuala grandis H. VVendel, L. spinoaa Wurumb., L, peltata Koxb., Trachycarpus sp. H. Wondcl., 
Livistona rotundifolia Mart., L, chinensis R. Br., Pritchardia pacijica Seem, et Wendol., 
Washingtonia sp., Sabal adanaoni Guers., S, blackburniana Glazebr., and S, palmetto Lodd. 

In all species, the flowers are regular, trimerous and hermaphrodite. The floral organs 
arise in acropetal sequence. 

The anther wall consists of a heavily cutinised epidermis, a fibrous endothecium, 2 median 
layers and a secretory tapetum of binucloato cells. In Traychycarpua the tapetal cells store 
starch and in Sabal pahnetto their inner walls become cutinised. There is a secondary increase 
of sporogenous cells. Cytokinesis of the p.m.c. is duo to simultaneous coll plate formation. 
Microaporo tetrads aro either tetrahedral or bilateral. Mature pollen grains are 2-celled, 
ellipsoidal, monocolpate and aporate. The generative cell is crescent -shaped with tapering 
ends and the vegetative cytoplasm is packed with starch. 

The ovules aro erect, bitegmic and crassinucollate; they are hemi-anatropous in Livistona 
rotundifolia and Sabal sp., but anatropous in other species. Two or three vascular bundles 
enter the funicle and branch slightly in the chalaza. A well developed funicular obturator 
is present in Livistona and Sabal sp. An endothelium is present in PritchardiUy Washingtoniay 
Trachycarpus and Licuala. The micropyle is formed only by the inner integument in Sabal 
and Washingtonia, but by both the integuments in other genera. A nucellnr cap is formed 
in L. rotundifolia. A prominent development of chalaza is characteristic of all species. 

The archesporium of the ovule is 1 -celled; it cuts off the primary parietal cell. Megaspore 
tetrads are linear, T-shaped or | -shaped. The embryo sac develops according to the Normal- 
type. The synergids show lateral protuberances. The polar nuclei fuse before fertilisation . 
The antipodals, which aro large in Pritchardia, persist till a few endosperm nuclei are formed 

Fertilization is porogamous; the passage of pollen tubes is facilitated by the transmitting 
tissue of the style and funicular obturator where present. The endosperm is of the nuclear 
type and becomes cellular by simultaneous coll plate formation. The endosperm cells are 
disposed in regular radial series; they are thick walled due to storage of hem i- cellulose. During 
seed development the chalaza grows and forms a columnar strucutre in L. rotundifolia; in 
Licuala grandis the chalaza develops warty protuberances which make the endosperm ruminate. 

Only the terminal coll of the 2-celled proembryo forms the embryonal mass; the basal 
coll forms the suspensor. The mature embryo shows a massive lateral cotyledon which 
envelops the primary axis. The cells of the cotyledon are rich in reserve food materials. The 
plumule shows several primordia of scale and vegetative leaves. During germination of seed 
the cotyledon forms a short or long tube in which the primary axis is enclosed. 


Introduction 

The Palmae is a large family with 210 genera and 4,000 or more species most 
of which are distributed in the tropics of both hemispheres. There is considerable 
diversity of opinion regarding the taxonomic position and affinities of the family. 
Rendle (1953) includes it in the order Spadiciflorae along with Iiemnaceae, Araceae, 
and Cyclanthaceae. The reasons for such a grouping are : “the relative size of 
the embryo and endosperm, the presence of a spathe and the association of a great 
number of small inconspicuous flowers in often huge inflorescences”. Hutchinson 
(1934), however, feels that these characters are of little taxonomic importance 
and that the palms and aroids have nothing in common. He separates them 
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MRloly and places the palms by tlumisclvcs in the order Palinales. The Araceao 
and Lemnacea.. an> mclude.l in the order Andes and Oyclanthaeeae in the Cyclan- 
tludes of tlie second division of the monocotyledons, the (Virolliferae. Hutchinson 
follows the classification of Kn^rlcr and PrantI (IHOo) with this difference that he 

‘"^b’^tliiflorae and Wynaiitliae) as or<l<-rs. Bentham 
amf llookei (IHfi. -8.5), on the other hand, include Palmae aloint with Flai'clleriaceae 
and .Jiincaceae m the series (lalycinae and jilace C’vclanthats'ae, Araceae and 
I^iiinmteae m tin; sctics >.iidiflorae. Lawrence (1955) feels that there is much 
need tor taxonomic and morptiological stvidi(‘s in tlie family. 


Pkevtoi s W ( 


)UK 


Tin,. I ^iwn-'-' the taxonomy and morplioloyv of the jialms: 

?I 80 - i Jr/n’ (iJfh' ■I!)f9), Dahl-rcn (Pt.hi), Martins 

(IH^d-IHotl), Blatter (I.Lf.), else tlioiiyh there an' no recent nionoeraohs. The 
einl)ryolo«ical studies are measure and sonn'times the reports of tlie iiua-sti-edors 
are mutually (smtrndictory. .Schmirf (I9;il) who r..viewed tl..' previous work, 
reeommerided a reinvesticjition for ampliliiuitioii ami conlirimdion of the .hda. 
Very little work has bi'en done siiu'c publication of Sclmarfs book. .Tuliano (MKU) 
studied the morpliolotry of the male flower of t 'eeo.v Swamy (19+-’) has 

•'^’*7' *', ’’'7'' "" the emfiryo sae development of A nra ratpchn I'lie reiiort 
of De 1 oerck (fOoO) that the embryo sae in Khiris i/af/uMs/s develops aeeorditiK 
to the /ldo.rff-type has been (smtradietud by Kajale and Ranadi' (195:!) who found 
that It develops aeeordine to the normal t,y,ie. Bos(+i (1947) simlied the evtolo.ry 
am flora anatomy of some members, Si'lvaratiiam (195:>) desmibed flic 'matine 
emhryo of the areea niit and ismipared it with that of the (haniineae. 'flic present 
OTiter lias desenbed tlu' developim'iif of the embi yo in Airrn rtihchii fC. \'. llao, 
lUon). ‘ ’ 


Materi,vt,s and Min-IIODS 

r 4be writer’s observations on llu' orfranotreny. structure 

ot the inflorescenee and flower, deyelopment and siruetiire of the aaither and ovule, 
ma c anc cnia o pim(‘to|)hyt<'s, ('ndospt'rm and seed, fruit and germination of 
seed in tiie tollowiiiK members of the tribe Sal.aleae : Lirnnla qmndis IT. Wemlel., 
L. spimm Wuruinb. h Rox-b.. Traclniairpu, np., LhiMonn rol^,:,difolla 

Mart., L cJnmu.VM 1.. Br.. Pntrhanha pticifirn Seem et Wemlel., W(i-hinnlonm 
sp., adansom (iuers., S. hJackhuraiana Glazebr., and S. pahnrUo Lodd 

All species shmlied are cultivated ornamental plants with flabelliform leaves. 
I lie inatenn! of Licimla grnndi.% LirLstoim rof.vmli/olia ami Pritchmlia was is.lleeted 
irom the local munieipal park; that of Sahal palwcHo and Washinqlonk, .y,. was 
colleo te, from Bobbili, Srikaknlam Di.striet. Fixed materials of Lie,,,, la .yn„o.^a, 
L. peltata. VrachyrMrpuH. hivislonn chmen.si.-i, Sab,d admisoni and S. Mncl.biirninna 
was obtainei from the Indian Botanic Gardens, Oaleiitta. In all eases formalin- 
act It a CO lo was used as the fixative. Transverse and longitudinal sections 
were tu lom in thickness and stained with Dolafield’s haemai oxvlin or a 

combination of safranin and fast green. Due to the presence of a thick* eiiticle, 

abundance of sclerenchyma and raphides, some difficulty w^as experienced in 
microtoming. ‘ r 


Inflokescence and Flower 

• u — Livistona and Sabal is lax and the branches are subtended 
^ Pritchardia it is once pinnate and the spikes are 

closely clustered and protected by a few basal spathes. In all species, the flowers 
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are bracteate, trimerous, regular and hermaphrodite. They are long pedicolled 
in L, rotundifolia (Fig. 1), sliorth^ stalked in JAcaahi (jrandh (Figs. 17 and 18) 
seated on a pulviiiate or tuberculate base in Pritchardia (Fig. (5) and Trachycarpus, 
(Figs, 43 and 44) and sessile in Sahal (Fig. 12). In LhdMona rotundifolia 
the perianth is in the shape of a small G-toothed eup out of which the essential 
(H'gans emerge early and are ])rote(;ted by the smooth inner surface of the spathe. 
In other genera, the sepals are either free and imbricate as in Trach yairptus (Fig. iS), 
or united into a massive 3-toothed cup as in Pritchardla and LicAuda (Figs. 9 and 17). 
4Iie three petals are larger and vahate. In Livwtona rotundifolia the stamens 
are free from the perianth aiul tlie anthers are basilixed (Fig. 1). In 7^. chinensis^ 
Prilchurdia and Licuala they are united into an epipetalous tube which in JAcualUy 
splits into () teeth at the top (Figs. 5, 9 and 19); the anthers in these species arc 
dorsilixed (Fig. IS). In lAvlMona rotundifolia, the gynoeciiiin consists of a single 
uniovulate carpel; the margins of tlie carpel as well as the style are incompletely 
fused in the young condition (Figs. 2 -4). In other genera including L, chinensis, 
there are 3 carpels vvliich are free at the base (Figs. 5, 9 and 13); occasionally one 
carpel is suppressed (Fig. 14). The style of the young piwstil is as thick as the ovary 
(Figs. G and 7); later due to greater growth in the ovary part it remains relatively 
slender in the mature pistil (Fig. 20). The three separate stylar arms fuse together 
in the upper part. The loculi extend as narrow canals into the stylar arms either 
from the tc^p of the loculus as in Pritchardia, (Fig. 8), Trachycapus (Fig. IG) and 
lAcuala grandis (Fig. 21), or from tlu^ base as in Sahal (Fig. 12) and Licuala chinensis 
(Fig. 16). 'These locular canals may fuse with the common stylar canal (Figs. 10, 
11 and 30), which is lined by either glandular cells (Fig. 29) or finger shaped hairs 
(Figs. 42 and 108). 'The stigma bears glandular hairs (Fig. 109). 

For a thorough understanding of the floral structure and j)roper appreciation 
of the modifications undergone by the gynoecium in other tribes, a knowledge of 
the A ascular anatomy of' tlie flower is essential. That of lAcuala grandu is described 
here as tyjiical for the Wabaleac. The pedicel shows a number of ‘fibro-vascular’ 
bundles distributed irregularly in the central part (Fig. 22). At the base of the 
thalamus these bundles fuse together and form a plexus from the periphery of 
which a nujiibcr of traces are giv’^en off for the calyx (Fig. 23). The central plexus 
now loses its sclerenchymatous mantle and gives off 3 arcs of traces for the petals. 
It then becomes triangular and gives off G staminal traces, the three antisepalous 
ones frojn the angles and the 3 antipetalous ones from the middle of the flat sides 
(Fig. 24). Thus the corolla and stamens show only congenital concrescence but 
not the adnation of tlieir traces. The staminal and petal traces pass together 
into the androecium -corolla tube (Figs. 26 and 28). After the emergence of the 
staminal traces, the central stele breaks up into 3 rings of bundles, one for each 
carpel (Fig. 26). Three of the bundles at the base of the carpel bend inwards 
and enter the funicle (Fig. 2G); these diverge in the raphe and branch slightly 
(Fig. 27). Though several carpellary bundles enter the base of the stylar arm, 
only three extend towards the top (Fig. 29 and 31). 

Organogeny 

Floral organogeny has been followed in Pritchardia pacifica, Sabal palmetto 
and Trachycarpus sp. The floral organs arise in acropetal sequence, viz., 
bract., calyx, corolla, androecium and gynoecium. The barct and calyx become 
large before the other floral organs develop (Figs. 32-36; 43 and 44). The walls 
of the carpels arise as 3 bracket-like outgrowths, the margins of which remain 
separate for some time (Figs, 47). The floral axis enclosed by them is at first 
conical but soon becomes 3-lobed, each lobe being an ovule primordium (Figs. 37, 
38, 45 and 46). After growing upwards for some time the tip of the carpellary 
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wall curves inwards and downwards, surrounds the ovule priniordium and forms 
the loculus (Figs. and 46). The upper parts of the carpels coalesce and grow 
together into the coniinon style. In ^alnil palmetto the loculus does not extend 
into the stylar arm; the incurved part of the carpcllary wall touches the funicle 
which is trails versf4y elongated, leaving only a small lateral opening through 
which the loculus communicates with the stylar canal (Figs. 39-41 ). In Trachycarpus 
and Pritchardia the descending portion of the carpellary wall grows to the base 
of the ovary and the loculus extends into the stylar arm as a narrow terminal canal 
(Figs. 4r> ami 46). Hy the time the archesporium is differentiated in the ovule 
primordium, the cells at the tip of the style become papillate; these develop into 
conspi(!UouH hairs by the time the megaspore mother cell is full grown (Figs. 38 
and 39). A number of cells of the ovary wall and style enlarge, lose their proto- 
plasmic contents and become filled with bundles of acicular raphides (Figs. 39 
and 41). In Sahal palmetto the wall of the mature ovary is uniformly parenchy- 
matous; in Licnala ap. the cells of the outer half of the ovary wall accumulate 
tannin and those of the inner half become sclerified (Fig. 49). 

MrCROSPOROGENESIS AND* MaLE GaMETOPHYTB 

The archesporium of the anther consists of one or two rows of hypodermal 
cells in enich of the 4 anther lobes (Fig. 50). By a periclinal division they form 
the primary pareital c^ells to the outside and the primary sporogenous cells to the 
inside (Fig. 51). By further divisions in the parietal cells, the anther wall 
becomes b 5 layered (Figs. 52-54 and 64). The epidermal cells in the mature 
anther become tangentially flattened and develop a thick cuticle which is ridged 
in Sabal sp. and Pritchardia (Fig. 67). The cells of the hypodermal layer enlarge 
considerably and develop fibrous thickenings. Sometimes the thickenings extend 
to two layers of cells (Fig. 77). The cells of the septum between the two loculi 
of an anther lobe are tangentially flattened and thin walled; the cells to the outside 
of the septum are small and thick-walled and constitute the stomium (Fig. 60). 
In the mature anther the septum shrinks and the loculi coalesce; the shrunken 
septum persists for some time after the dehiscence of the anther (Fig. 77). Cells 
of the connective contain tannin and raphides (Fig. 246). 

The innermost one or two layers of wall cells function as the tapetum and 
2-3 median wall layers become crushed. The tapetum is of the secretory type 
and shows 2-nuoIeate cells; in this respect it differs from the tapetum of Lemnaceae 
(Maheshwari, 1954) and Araceae (Jussen, 1928) in which it is plasmodial. The 
tapetal cells may be tangentially flattened as in Sabal adansoni (Fig. 61) or radially 
elongated as in S. blackburniana (Fig. 59), PriicJmrdia (Fig. 65) and W ashinytonia 
(Fig. 70). In Pritchardia they penetrate into the mass of sporogenous cells and 
give the latter an irregular outline (Figs. 66 and 247). In Trachycarpus the tapetal 
cells store starch as reserve food (Fig. 76). In Salmi palmetto the inner walls of 
tapetal cells become cutinised (Fig. 58). 

In all species, the sporogenous cells show a secondary increase (Figs. 53 and 64). 
In Livisto7ia rotundifolia, some of the sporogenous cells degenerate before the 
meiotic divisions (Fig. 78). Microspore tetrads may be tetrahedral (Figs. 56 
and 72) or bilateral (Figs. 55 and 71). The microspores become ellipsoidal by the 
time they separate out from the tetrads and show a distinct furrow (Fig. 73). In 
Washingtonia sometimes all the pollen tetrads of an anther loculus become 
degenerate and the loculus becomes occluded by the intruding tapetal cells 
(Fig. 70). 

Cytokinesis of the sporocyte is of the simultaneous type and is brought about 
by cell plate formation at the end of meiosis II (Fig. 62). The small lenticular 
generative cell is usually formed against the wall opposite to the furrow (Figs. 57 
and 74), and later it migrates into the vegetative cytoplasm. The generative 
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cytoplasm is hyaline and devoid of starch while tlie vegetative cytoplasm is packed 
with it. In the full grown pollen grain the generative cell appears crescent shaped 
with tapering ends; it is circular in transverse section (Figs, 63, 68 and 75). A 
similar shape is reported in several Asclepiadaceae (Finn, 1925; C. V. Rao and 
8. R. Rao, 1954). The pollen grains are shed in the 2-celled condition in which 
respect they resemble the Araceae (Banerji, 1947). In all species they are 
moruKiolpate and aporate, and show a smooth exine (Fig. 79). The exine does 
not stain with Delafield’s haematoxylin except in the region of the furrow; this 
shows that the region of furrow is chemically dififerent fron\ the rest of the exine 
wliich fact may be associated with its slight extensibility. Sometimes in mature 
pollen grains the intine bursts through the furrow and forms a short blunt })ollen 
tube in situ (Fig. 69), Sterile pollen grains are commonly noticed in all species. 

Ovule 

In all species studied, the ovules are erect, bitegmic and crassinucellate. In 
Livistomi rotundifoUa (Figs. 87, 88 and 2^4^) m\d Sabal sp. (Figs. 99, 102, 116, 121, 
123 and 252), they are hemianatropous. In Jj. chinmsis (Figs, 94 and 253), 
Priichardia (Figs. 136 and 248), Waskingionia (Figs. 147 and 152), Licuahi sp. (Figs. 
162, 167, 173, 174, 178 and 179) and Trachycarptis (Fig. 185) they are anatropous. 
Two or three vascular bundles enter the funicle of the ovule (Figs. 26, 1 17 and 176) 
and branch slightly in the raphe and chalaza (Figs. 139 and 167). In Livisiona 
rotu/uAi folia, however, a transverse section of the funicle shows a ring of 6-7 vascidar 
bundles ( Fig.89) which show further branching in the body of the ovule (Figs. 90-93). 
Fames and Macdaniels (1947) remark, '‘when an ovule represents the surviving 
mombi'r of a group in which reduction has occurred, it may have captured the 
trace supply of two or more ovules”. It may be recalled hero that in Livistoiia 
cJ? incus is the pistil consists of three uniovulate carpels while in L. rotundifoUa it 
shows a single uniovulate carpel. 

The different species studied show interesting stages in the evolution of a 
funicular obturator. In Priichardia, and Washingtonia, the funicle is un specialised. 
In Licuala peltaia (Fig. 174) L. spinosa (F\^. \li)) Track year p>us (V'lg. 186), the 

cijidermal cells of the funicle are somewhat radially elongated and glandular. In 
Liirisiomi chinensis and L. rotimdifoUa the funicle develops a basal swelling, the 
epidermal cells of which are markedly elongated and glandular (Figs. 87, 89-92, 94). 
in^ L. chinc)tsis the locular canal and micropyle adjoin the obturator (Fig. 15). 
The obturator in Sahal sp. is very conspicuous. In S, palmetto the epklermal 
cells of the funicle form finger-shaped, l-celled glandular hairs (Figs. 115-117 
and 249). In S. adansoni and S. hlackburniana, due to the divisions in the epidermal 
cells, a considerable amount of glandular tissue is formed (Figs. 100, 103-107, 123, 
250-252). The superficial cells of this tissue form elongated hairs. Similar hairs 
are developed from the locular epidermis at the back of the ovule and these come 
into intimate contact with the cells of the obturator (Fig. 105). The stigmatic 
hairs, glandular cells of the transmitting tissue and the obturator form a continu- 
ous path of richly protoplasmic cells for the pollen tubes. The obturator in 
Sabal sp. and L. rotundifoUa (Fig. 225) persists till the early stages of seed develop- 
ment. 

A prominent growth of the chalazal region is the characteristic feature of all 
genera. A comparison of the figures of the ovules with megaspore tetrads and 
full grown embryo sacs will bring out this point (cf. 132 and 136). The integu- 
ments are free from each other only for a small distance around the micropyle 
of the ovule. In L. rotundifoUa part of the growth in the chalazal region seems 
to be brought about by the periclinal divisions in the epidermal cells, which is 
evident from the regular arrangement of the derivatives (Figs. 91-93). Accumula- 
tion of tannin in cells of the chalaza and outer integument, which commences even 
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from the tetrad stage of the ovule, is another feature common to all species 
(Figs, i:i2 and 130). 

d’he initials of both the integuments become demarcated simultaneously with 
the dilTerentiation of the archesporium in the ovule (Figs. 80, 81, 96, 110, 126, 
127, 181 and 182). 1die rates of growth of the two integuments and the method 
of forination of tlu^ mi(*roj)ylc vary in the clifferent species. In Ij. rotundifolia^ 
Sdhal sp. (Fig. 1 22) and Pritchardia (Fig. 134), the micropylc is formed by the 
2- or 4-nucleate stage of the embryo sac. In Washingtonia (Figs. 141 and 143) 
and Licuala sp. (Figs. loN, 159), the micropyle is formed by the time the megaspore 
mother cell in the ovule is full grown. In Sabal (Figs. 101 and 123) and 
Wd’s/fiHgtonia (Figs. 151 and 152), the micropyle of the niature ovule is formed 
only by the inner inU^gument and is straight. However, after fertilization, in 
Sabdl sj>. also the outer integument grows over the inner and forms the microj)yle 
(Figs. 215-217). In spcci(\s in which the micropyle is formed by both the integu- 
m(?nts, it may be short and straight as in L. rotandifolia (Figs. 88 and 93) or 
elongated and zigzag as in lAvintona ckmensis (Fig. 94), Pritchardia (Fig. 136), 
LicuaUi sp, (Figs. 162, 167, 168, 173, 174, and 179) and Trachycarpus (Fig. 185). 

In general, the outer integunumt is 4-5 layered and the inner 2-3 cells thick. 
In nearly all gen(‘ra studied, an integumentary tapetum is organised. In L. 
rolnndifolid a glandular (‘ndothelium is not found in the mature ovules. The cells 
of the inner integurmuit, however, become radially elongated after fertilization 
(Fig. 224). In Sabal adddhsoni the cells of the inner epidermis of the inner integu- 
nu'iit in th(* mature ovule are radially elongated though they are not glandular 
(Fig. 123). in genera which show endothelium, the concernt^d cells become 
marki‘(lly elongated and glandular ev(*n by the dyad stage of the ovule (Figs. 130, 
143, 158). Due to the prominent endothelium the inner integument equals or 
even excels the outer in thickness. Though usually only the inner layer of the 
integument is glandular, in Licuala sp. both layers consist of such cells (Figs. 170, 
177). In Ij, grandis the endothelial cells acc.umulate starch from an early stage 
of the ovule (Figs. 162 and 166); in Pritchardia, starch appears in the endothelial 
(!ells after fertilization (Fig, 190), Even in sterile ovules, the integuments, 
micropyle and endothelium are formed normally (Figs. 95, 140, 154, 155, 171 
and 175). 

Though the ovules are crassinucellate, the size of the nucellus is small relative 
to that of the ovule (cf. figs. 144, 163 and 172). In L. rotundifolia the mature 
embryo sac is surrounded by 3-4 layers of micellar cells some of which persist till 
the early stages of seed development (Figs. 88 and 224). In Sabal sp. 1-2 layers 
of nucellus surround the mature embryo sac (Figs. 99, 116, 123 and 124). In 
sfiecies in wliich an endothelium is organised, the whole of the nucellus is crushed 
out in the mature ovule and the embryo sac borders on the inner integument. In 
Sabal sp. the micellar cells around the antipodal end of the sac are thin walled 
and show vacuolated cytoplasm and seem to be tapetal in function (Figs. 123 
and 124). 

In L. rotundifolia (Fig. 88), L. chinensis (Fig. 94) and Sabal sp. (Figs. 99 
and 123) no thick walled micellar cells are found around the embryo sac; the sac 
is therefore even in outline. In Pritchardia (Fig. 136) and Trachycarpus (Fig. 185) 
the micellar cells around the antipodal end of the sac are thick walled though they 
do not form a postament. In Washingtonia and Licuala sp. the nucellar cells 
around the lower half of the developing embryo sac become thick walled. As 
the sac enlarges, the thin walled nucellar cells around the micropylar part of the 
sac become gradually pulled apart from the thick walled cells and are absorbed 
in due course (Figs. 153, 165 and 166), The socket of thick walled cells persists 
and forms the postament (Figs. 152, 167, 168, 174, 178 and 179). Since the embryo 
sac expands at first on the sides of the postament, it has a sagittate appearance 
(in I.s.). 
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Megasporooenesis AND Female Gametophyte 

In all species, the embryo sac develops according to the Nonmil -typo. The 
archcsporium of the ovule consists usually of a single hypodermal cell (Fig. 
110), two cells being noticed rarely (Fig. 181). It divides pcrielinally and 
forms the primary parietal cell to the outside and the megaspore mother cell to 
the inside (Figs. 81, 111, 127 and 182). This division occurs very early and the ovule 
primordium with megaspore mother cell grows for a considerable tinu> (compare 
figs. 126 and 128). To get at the stage shown in fig. 12() of Pritchard ia, a very 
small inflorescence still concealed among the leaf bases had to be obtained. It is 
probably due to the difficulty of getting such material that some investigators 
like Quisumbing and Juliano (1927) thought that the archesporium is 8u])hyj)0- 
dermal and that it functions directly as the megaspore mother cell without cut- 
ting off the primary parietal cell. By the division of the primary pari('-tal cell 
and its derivatives, 1-3 layers of parietal tissue are formed (Figs. 96, 114 and 132). 
In LiviMona rotundifolia, however, the parietal tissue remains uniseriate and the 
megaspore mother cell becomes deep seated due to the development of a nucellar 
cap (Figs. 82-86). 

Idle full grown megaspore mother cell is elongated and tapering (Figs. 97, 
112, 118, 119, 131, 142, 157 and 183). Both dyads derived from it may divide 
simultaneously or one may precede the other (Figs. 86, 113, and 145). Megaspore 
tetrads are usually linear (Figs. 85, 114, 120, 122, 146, 147-149, 160 and 161), though 
T-shaped and J^-shaped tetrads are occasionally met with (Figs. 98, i32,^ 133 
and 150). Kajale (1952) also reported different types of tetrads in Elaeis 
guinensis. 

The lowest megaspore always functions and gives rise to the 8-nucleate embryo 
sac. The synergids show hook-like or rounded protuberances on their free sides 
(Figs. 180 and 187). The polar nuclei fuse before fertilization; the se(!ondary 
endosperm nucleus stands close to the egg apparatus (Fig. 101) or at the middle 
of the sac (Fig. 88) or nearer to the antipodals (Fig. 94). The antipodals are 3 in 
number and uninucleate (Figs. 125 and 169). In Pritchardia they are small when 
formed but enlarge considerably and show starch at maturity (Figs. 136, 138). 
Mature embryo sac may be ellipsoidal in shape as in L. rottmdifoha and Sabal sp. 
or may show a narrow antipodal end and broad micropylar part as in lACuala sp. 
or narrow micropylar and broad antipodal parts as in Livistona chinensis (Fig. 94). 

Endosperm, Embryo and Seed Development 


Fertilization is porogamous and one or both the synergids become affected by 
the entry of the pollen tube into the embryo sac (Figs. 190^ and 218). By the time 
syngamy occurs, a few endosperm nuclei are formed. The endosperm is of the 
nuclear type. After fertilization the protoplasm of the embryo sac and the starch 
in it increase in quantity (Fig. 191). The endosperm becomes cellular by 
simultaneous cell plate formation which commences at the periphery of the sac. 
Cell walls are incomplete towards the central cavity of the seed (Fig. 242). The 
endosperm grows ccntripetally by intercalary cell divisions which are accompanied 
by cell wall formation (Fig. 229). Since the cells are laid in regular radial rows 
(Figs. 197 and 228), the palm endosperm cleaves so readily and so perfectly. In 
Pritchardia and Sabal the endosperm is entire but in Limiala sp. it becomes divided 
into islands or pockets by chalazal ruminations. In each such zone, the regular 
arrangement of the endosperm cells can still be seen (Fig. 241), The endosperm 
cells at the periphery of the seed are smaller and more richly protoplasmic than 
those of the inside (Figs. 228 and 229). Reserve food materials are accumulated 
in the lumens of endosperm cells. Gradually the walls of the cells become massWe 
and pitted due to the deposition of hemicellulose (Figs, 198 and 221). In Sabal 
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palmHto IIk' developing seed does not grov\^ symmetrically all over; the micropyle 
therefon^ hec^onK^H shifted in position away from the funiele (Figs. 215 and 210). 

Pritcha/dia, Snhal, lAvi.stoiia and Licuala in wdiich seed development has been 
studied, show increasing (*lahoration of the chalazal region. In PritrJmrdia the 
fertilised ovul(‘ grow's rapidly first in length and then in diameter till it becomes 
round (Figs. ISS and ISO). The sac, including the antipodal end, widens out. 
During the early stages of .se(‘d development tliere is con.siderahle proliferation 
of the‘ cells surrounriing the lower part of the sac. The derivatives w'hi(*h stand 
in regular series, sometimes form wavy protruberanc(\s into th(‘ embryo sac and 
appear as incipient ruminations (Fig. 100). Tlie cells of the clialaza and integu- 
riuuits accumulatf^ tannin; the former persists as a ridge in the seed opposite to 
the ornhryo (Fig. 107). ddic (ioat of the mature .seed Ixn-omes even in outline; 
it consists of 10-12 layers of cells most of which are filled with tannin (Fig. 108). 

In Sahal palmetto th(^ chalazal cells around the lower part of the sa(* accnunulate 
tannin and become thick w^allcd; this f)art persists as a pit like depression even in 
the mature, seed (Figs. 210, 210 and 220). The endosperm in this species is not 
pier(;(*d by any ruminatiotis. 

During seed development in L, rotnndifolia the ctdls of the clialaza become 
thick walled and filh;d wdth tannin. The seed grows mostly in the chalazal r(‘gion; 
the embryo sac expands to the sides of the (dialazal protuberance (Fig. 225) whicdi 
first apjiears as a rnassiv^e (‘up and then grows through the seed (cavity as a thick 
tube. V^ascailar bundl(*s (*xtend into it and branch slightly (Fig. 220). In the 
mature sisul it a|)[)ears as a dark (jolounnl columnar structure bridging the whole 
diameter of the seed (Fig. 227). No ruminations develo]) from it or the seed coat 
HO that the (uidosfierm is even in outline (Fig. 228). The hchm] coat in this speci(*s 
(‘onsists of 5 7 layers of cells of which the two outermost are free from tannin 
(Fig. 220). 

As in Pritrhardia, in Licuala also, the fertilisi'd ovule grows iirst in length 
and then in diameU’T till it becomes round (Figs. 237-240). The postament breaks 
dow'ti and the endiryo sa(^ widens out. The tannin filled cells of the clialaza form 
first a hum[)dik(^ protuberance into the sac (Fig. 237). This do(‘s not show' any 
pit like d<‘pr(\ssion as in Sahal and Livisiona. Prolifei'ations develop from its 
surfa(;e and braiich and grow till somc^ of them touch the wall of the sc^ed (Mvity 
(Figs. 238* 240). Vascmlar bundles of the funiele extend into it and branch within 
these ])rol iterations. The endosperm in fjicuala is therefore ruminate in the true 
sense of the w'ord, though the ruminations develop from the clialaza and not from 
the seed coat as in Areca cxitechu. The seed coat in Licuala is even in outline and 
consists of 7-8 layers of tannin filled cells (Fig. 242). 

Only a few' stages of the embryo development could be obtained in Prifchardia 
pacifica. The fertilised egg divides transversely and gives rise to ca and ch (Figs. 192 
and 193). The first division in ca is obliipie (Fig. 194). The deriv'atives of ca 
give rise to embryonal mass wdiile those of cb form the suspensor wdiich is relatively 
massive (Fig. 195). Similar stages were also noticed in the embryo development 
of Arcca catechu (C. V. Rao, 1955). 

Mature embryo in Pritchardia measures about 5 mm long and is cylindrical 
in the low^er part and conical in the upper. The primary axis wdiich is confined 
to the lower part is relatively small. The massive lateral cotyledon envelops 
it completely leaving a pore for its emergence during germination (Fig. 199). The 
hypocotyl show's a ring of procambial strands from which branches are given off 
into the cotyledon. These traverse nearly to the tip of the cotyledon forming 
a ring near the periphery (Figs. 200 and 201). The cells of the cotyledon are 
packed with food materials (Fig. 202). The cells of the cotyledonary sheath 
immediately below the radicle are thin walled and devoid of starch; this region 
is pierced first by the elongating radicle during germination. The plumule shows 
number of a scale and leaf primordia (Fig. 208). 
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Fruit and Germination of Seed 

Usually only one of the carpels forms the fruit in Pritchardia and Sabal but 
in Licuala sometimes all the three carpels may form fruitlets (Figs, 211, 215, 235 
and 236). The calyx and style are persistent in Pritchardia and Livistona (Figs. 21 1 , 
226 and 227). Some of the .cells of the style become sclerenohymatous. 

The fruit wall shows some variation in structure in the different species. In 
L. rotxindifolia, the ovary wall shows vascular bundles in the median region and 
a zone of 10-12 layers of parenchyma on either side. The cells to the outside are 
small while those to the inside are larger, scantily cytoplasmic and some bear 
raphides. In the fruit wall 2-3 layers of cells to the outside of the vascular bundles 
develop into sclereids (Fig. 234). The parenchymatous cells to the inside become 
shrunken and those at the periphery develop into a succulent pericarp. In 
Pritchardia the ovary wall does not show any sclerenchyma (Fig. 212). In the 
fruit wall two zones of sclereids develop, one on either side of the vascular bundles. 
Some more sclereids are found interspersed among the parenchyma and a sheath 
of sclerenchyma is found around the vascular bundles. As the thick walled cells 
are oriented in different directions, the stony pericarp in this species is well adapted 
to resist crushing strains (Figs. 213 and 214). In Lictuila grandis the ovary wall 
shows a zone of sclerenchyma beneath the surface (Fig. 243); in the fruit wall 
another zone of sclerenchyma is added towards the inside (Fig. 244). The scleren- 
chyma as well as the parenchyma show sphaeraphides (Fig. 245). 

In Pritchardia tlie position of the embryo in the seed is marked by a circular 
depression just by tlie side of the raphe (Figs. 203 and 204). During germination 
of the seed in the species studied, the cotyledon forms a long or short tube which 
bears at its tip the primary axis (Figs. 205-207, 222, and 230). The plumule 
emerges through the sheath; the radicle forms an elongated root which eventually 
becomes arrested and is replaced by adventitious roots (Figs. 209, 223, 231-233). 
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Explanation ok Text Figures 


Tkxt-ki(h;kk I. 1-31. 1-4. Liinstona rotundifolia. Fig. 1. L. 8. of young 

flower, X 20. Fig. 2. L. S. muf uro flovvt'r, x 20. Fig. 3. T. 8. Oower, X 30. Fig. 4. 
T. 8. ovary, ^ 7r>. Fig. r>. 'f. S, flower bufl of Ij. rhinensi'iy x lo. FigH. Vritchardui 

paviJUu. Fig. 0. J.i. 8. young flow»;r hud, x lo. Fig. 7. L. 8. fiiHtil from tlie abov^e, X 3o, 
Fig. 8. L. 8. ourjjel from older ovmy, x oO. Fig. 0. 8. flower bud, x 10. Figw. 10 und. 

11. 3'. 8. bane and top of Htyle, x 3“>. Figw. 12 and 13. Suhal bhickburninna. 1^’ig. 12. 

L. 8. flower bud, X 20, Fig. 13. 8. ovary, ^ 3.1. Fig. 14. 'W 8. ovary of S. admisoniM 

X 20. Fig. 15. I.,. 8. earjiel of LivlMtorui rhincn.sis, / 'Ih. Fig. 10. L. 8. ear}>el of TritchtfcurpUy 

Hf>. X 50. FigH, 17 31. Liciifild (frandlfi. Fig. 17. An entire flower, x 4. Fig. 18 L, 8. 
flower, X 0. Fig. 19. 8tarninal l ube Hplii opon, x4. Fig. 20. Entire jiistil, x4 Fig. 21. 
J^. 8. earpel, x 20. Figs. 22 31. 8erieH of m^ctioiiH of flower bud from the base towards 
the top; explanation in text; Figs. 20 and 27, x 20; rest x 10. 


Tkxt-F!(Hjre 2. Figs. 32-49. Organogeny of the flower in Palma(\ Fig. 32. L. S. 
flower f)rimordiuTn of Pritchard kl 'jutcificAiy x 20. Figs. 33 42. Sabal palmetto. Figs. 33-30. 
,L. 8. flower f)rimoniia at variotis st ages of development , > 25. Figs. 37-41. Stages in the 
development of the pistil; Figs. 37 and 38, > 90; Figs. 39 41, X 50. Fig. 42. T. 8. style, 
X 40. Figs. 43 48. Trarhfir<irpHs sp. Mgs. 43 and 44. L. 8. flower buds; Fig. 43. X 20 
Fig. 44, X 30. Figs. 45 an<l 40 Sf agi's in <le\ t>h.)pment of pist il, X 75. Fig. 47. T. 8. liaso 
of i>iHtil, >;50. Fig. 48. T. 8. flower bud, X 35. Fig. 49. T. 8. mature earpel of Linada si). 
X 50. 


TRXT-FintiKE 3. Figs. 50-79. Mierosporogenesis imd mal(‘ gainetopliyto in Palmtie. 
Figs. 50-58. Sabal palmelto. Figs. 50-54. T. 8. developing anthtirs showing develo])mont 
of wall layers and sporogenous tissia^; Fig. 50, x 235; Figs. 51 -54, x 475. Fig. 55. Formati- 
t)n of bilateral tet rad of mi<'rospores, x 475. Fig. 50. Tapetal cells and totraliedral 
tetrad of rnicrospor<*s, x475. Fig. 57. A young 2*oellofl pollen grain, x475. Fig. 58. 
Tapetal cells showing eiitinised inner wall, x 475. Figs. 59 and 00. Sabal hlacklmraiana. 
Fig. 59. 8. anther Io(hiIuh, x 190. Fig. 00. T. 8. anther lobe, > 90. Figs. 01-03. 

S. (tdansoaL Fig. 01. E. 8. part, of antluw, x235. Fig. 02. A mica-osporoeyte showing 

(cytokinesis, x 475. f ig. 03. Two-ccelUnl pollen grain, X 475. Figs. 64-09. Pritchar- 
dia pacifica. Fig. 04. T, 8. young ant lu'r loculus showing secondary increase in sporo- 
genous (H'lls, :< 280. Fig. 05, 8, old<>r antlier Uxuilus, xJ35. Fig. 00. L. 8. anther 

loculus, X 135, l<"ig. 07. Flpidermis and fibrous ondot lu‘cium , >190. Figs. 08. and09. Pollen 

grains, x 475. Figs, 70 and 71. Washifujtonia. Fig. 70. L. 8. sterile anther loculus, xllO 
Fig. 71. A bilateral tetrad of microspores, x475. Figs. 72-75. Development of pollen 
grains in Licualn (jrandiSy x475. Figs. 70 and 77. Trach^rarpus sp. Fig. 70. T. S. 
j)art of anther loculus; note starch in tapetal cells, x 280. Fig. 77. T. 8. mature anther Jobe, 
X 135, Figs. 78 and 79. LiviMo}ia- rotuadifalia. Fig. 78. L. 8. anther loculus sliowing 

degeneration of some sporogenous (cells, x 190. Fig. 79. A st('rile pollen grain, x715. 


Text-fiouhe 4. Figs. 80-93. Livistona rotundifolia. Figs. 80, 83. L. 8. young pistils, 
X 50. Figs. 81, 82 and 84. L. S. ovuh^s with growing megasporo mother cell; Fig. 81, X 235, 
F'ig. 82, X 285; Fig. 84, X 190. Fig. 85. L. 8. ovule witli linear tetrad, X 190. Fig. SO. 
Niuctdlua from the above, xSSf) Figs. 87 and 88, L. 8. mature ovules, X 90. Fig. 89. 
T. 8. funiolo, x 90. Figs. 90-92. Vertical sections tlirough ovule from chalaza towards the 
micropylo, x 90. Fig. 93. Obli(|uo transverse section of the ovule through the embryo sac, 
X90. Figs. 94 and 95. Livlstona chinenaiSy Fig. 94. L. S. matui-e ovule, X 75. Fig. 95. 
L. S. sterile ovule, x90. 


Text-fioitre 5. Figs. 96-109. Sabal hlnckbuniiana. Figs, 96 and 97. L. S. ovule 
primordia with megaapore mother cell; Fig. 96, x 570; Fig. 97, x 230. Fig. 98. L. 8. ovule 
with T-tetrad, x 285. Fig. 90. L. 8. ovule with embryo sac, x 135. Fig. 100. Funicular 
obturator, x 160. Fig. 101 L.S. part of mature ovule, x 230. Fig. 102. L. S. pistil, x 25, 
Fig. 103. T, S, furdcle showing obturator, x 160. Fig. 104. T. S. ovule and loculus,’ xllO 
Fig. 105-107. Vertical sections through ovule from the chalaza towards the micropylo, xllO 
Fig. 108. Glandular hairs of transmitting tissue of the style, x230. Fig. 109. Stigmatic 
hairs, x 230. 



O. VBKKATA RAO : CONTRIBUTIONS TO THE EMBRYOLOGY OF PALMAR 167 

Tkxt-fioxjrb. 6. Figs. 110-125. Figs. 110-117. Sabal •palmetto. Fig, 110. L. S. 
ovule primordium with archosporium, xS60. Fig. 111. Ovule primordium in which the 
primary parietal cell is out off, x360. Fig. 112. Nucellus with full grown megaspore mother 
cell, x450. Fig. 113. L. S. ovule showing formation of megaspores, X 285. Fig. 114 
Nucellus with linear tetrad, x450. Fig. 115. L. S. ovule with 4-nucleato embryo sac; note 
the development of funicular obturator, x 190. Fig. 116. L.S. ovule with embryo sac, x210 
Fig. 117, T. S. funicle of mature ovule with obturator, x215. Figs. 118-126. Sabol adansorii 
Fig. 118. L. S. ovule with full grown megaspore mother cell X286. Fig. 119. Nucellus with 
full grown megaspore mother cell; note glandular micellar cells X 570. Fig. 120. Nucellus 
with raegaspoi'e tetrad, x400. Fig, 121. L. S. ovule with 2-nucleeate embryo sac; note 
development of funicular obturator, x 160. Fig. 122. Vertical section through ovule with 
4*nucleato embryo sac, X 230. Fig. 123. L. S. mature ovule, x 230. Fig. 124. Embryo s^ 
with cells of nucellar tapetum, x 285. Fig. 126. Antipodals from mature embryo sac, x400. 

Tkxt-fiqure 7. Figs. 126—140. Pritchardia pacifica. Fig. 126. L. S. loculus of carpel 
with ovule primordium, X 160. Fig. 127. Ovule primordium in which the primary parietal 
cell is cut off, x670. Fig. 128. Ovule with full grown megaspore mother cell, X 160 
Fig. 129. Nucellus from the above, x400. Fig. 130. Ovule showing formation of 
Xl60. Fig. 131. Nucellus from the above, x400. Fig. 132. Ovule with T-totrad, x230. 
Fig. 133. Megaspore tetrad, x 400. Figs. 134 and 135. Part of ovules with 2-and 
4-nucleate embryo sacs; note the organisation of thick-walled nucellar cells, x230. 

136. L. S. mature ovule, XllO. Fig. 137. Micropylar part of embryo sao, x230. iMg. 

138. Antipodals from young embryo sac, x230. Fig. 139. L. S. ovule perpendicular to 

the raphe, x 60. Fig. 140. A sterile ovule, X 60. 

Text-fiourk 8. Figs. 141-155. Waahingtonia sp. Pig. 141. L. S. ovule with fulL 

grown megaspore mother cell, xHO. Fig. 142. Nucellus from the above, X 340. hig* 143 
Ovule with dyads, x 110. Fig. 144. Vertical section of ovule with dyads, cut perpendicular 
to the raphe, X 160. Fig. 145. Nucellus showing formation of linear tetrad, x 340. Fig. 146. 
L. S. ovule with linear tetrad, x 110. Fig. 147. L. 8. ovule with 1-nucIoato embryo sac, 
Xl60. Fig. 148. Nucellus with 1-nucleato embryo sac, x340. Fig. 149. Nucellus with 
4-nucloate embryo sac, X 340, Fig. 150. Nucellus with 1 -shaped tetrad, X 340. Fig. 151* 
L. 8. loculus of mature pistil, x35. Fig. 152. Ovule with mature embryo sac, X 125. Iig. 153 
Younger embryo sao with nucellus and endothelium showing postament formation, X341 
Figs. 154 and 155. Sterile ovules; Fig. 154, xllO; Fig. 155, X 75. 

Text-figure 9, Figs, 156-171. Licuala grandis. Figs. 156-160. Stages in develop 

mont of ovule and megaspore tetrad; Figs. 156 and 159, x 340; Figs. 168 and 160, 

Fig. 157, X 230. Fig. 161. Nucellus with linear tetrad, X 670. Pig. 162.0v'ule with 
2.nucleate embryo sac X 230. Fig. 163. Vertical section of ovule perpendicular to rapho 
showing formation of postament, xllO. Fig. 164. L. 8. ovule showing similar stage, XllO 
Fig. 165. Part of the above, X 230. Fig. 166. Embryo sac with developing, postameant, 
X340. Fig. 167. L. 8. mature ovule, X 60. Fig. 168. Mature embryo sac and integuments 
X 340. Fig. 169. Lower part of embryo sac with postament,! x 570. Fig. ^ 

the inner integument showing both layers of glandular cells, x570. Fig. 171. L. 8. sterile 
ovule, x 90. 

Text-figure 10. Figs. 172-187. Figs. 172-175. Licuala peltata. Pig. 172. Vertical 
section of ovule perpendicular to the raphe showing young embryo sac and postament, ^ 
Fig.s 173 and 174. L. 8. ovules with young and mature embryo sac; Fig. 173, X 160; Fig. 174. 
X 135. Fig. 175. Sterile ovule, x 90. Figs. 176-180. Licuala spinosa. Fig. 176. T. 8. 
funicle; note glandular epidermal cells and 2 vascular bundles, X 136. Fig. 177. T. 8. part ^ 
mature ovule showing structure of the integuments, X 160, Fig.s 178 and 179. Ovules with 
embryo sacs; Fig. 178, xllO; Fig. 179, X 160. Fig. 180. Micropylar part of mature embryo 
sac and inner integument, X 230. Figs. 181-186. Trachycarptis Bp, Fig. 181. Ovule 
primordium with 2 archesporial cells, X 570. Fig. 182. L. 8. carpel with the ovule primord- 
ium, X 285. Fig. 183. Ovule with full grown megaspore mother cell, X 400. Fig. 184. Ovule 
with 1-nuoleate embryo sao, x 230. Fig. 185. L. 8. mature ovule, X 160. Fig. 186, Mature 
embryo sac, endothelium and thick walled nucellar cells, x 280. Fig. 187. Egg apparatus, 
X 860. 

Text-figure 11. Figs. 188—214. Pritchardia pacifica. Figs* 188 and 189, Stages in 
seed development; Fig. 188, X 35; Fig. 189, x20. Figs, 190 and 191. Micropylar parts 
of developing seeds, X 155. Figs. 192-196. Stagesin development of embryo, X 475. Fig. 196. 
Proliferation of chalazal cells around lower part of the embryo sac, x 165. Fig. 
seed, x6. Fig. 198. T. 8. seed coat and a few endosperm cells, X 136. Figs. 19^201- 
Mature embryo and transverse sections at two levels, X20. Fig, 202. T. 8. part of cotyledon, 
Xl66. Figs. 203 and 204. Entire seed and its t.s., X 1. Figs. 205-209. Stages in gemi. 
nation of seed Fig. 208, X 20, rest x 1. Figs. 210. L. 8. flower after fertilization X 6. Fig. 211. 
A fruit, x2. Figs. 212-214. T. 8. fruit wall at different stages of development; Fig. 212, 
X90; Figs. 213 and 214, x60. 
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TcxT-FiGrjKE 12. Figs. 215-234. PigB. 215-223. Sabal palmetto. Fig. 215. L. S. fertilised 
ovary, x 10. Fig. 216. L. S. young fruit, x 6. Fig. 217. T. S. seed, x 25. Fig. 218. 
Micropylar part of the above, x 270. Figs. 219 and 220. T. S. seeds at different stages of 
tlevolopiuont; Fig. 219, x 8; Fig. 220, x 2. Fig. 221. Endosperm cells, x210. Figs. 222 
and 223. Stages in germination of seed, x 1. Figs. 224-233. Livistona rotundifolia. Fig. 
224. L. 8. fertilised ovule, X 70. Figs. 225-227. Stages in development of fruit and 
seed; Fig. 225, x 35; Figs, 226 and 227, x 15. Fig. 228. T. S. seed, x 15. Fig. 229. Testa and 
a few endosf>erm colls, x 85. Figs. 2.30-233. Surges in germination of seed, x 1. Fig, 234 
T. 8. fruit wall, x 60. 

Text-fiouhk. 13. Figs. 235-245. LictuUa grandis. Figs. 235 anti 236. Fruits, X 2 
Figs. 237-239. L. 8. developing seeds; Fig. 237, x 8; Figs. 238 and 239, x 6. Fig. 240. T. S. 
developing seed, X 6. Fig. 241. Part of endosperm and surrounding rumination, xllO 
Fig. 242. Testa and a few endosperm cells, x 230. Figs. 243-245. T. 8. fruit wall; Figs. 243 
and 244, X 25; Fig. 245, x 110. 








STUDIES ON INI^IAN TUNIC AIES. I. THE GERM CELLS IN 
ECTEINASCIDIA THURSTOM HERD1\L\N 


by S. R. Venkatasubha Rao, NJ.S.!.^ Re.^enrch Fellow, Department of Zoology^ 

Central Colli ye, Bamjalore 

(Communicated by B. R. Sesliachar, F.N.I.) 

{Received January 17 \ read March 6, 1959) 


Abstract 

Tlie development of the gonads in EHebuiscidUi thurstoni ITordman (Family : Perphoridao 
is do8crib(>>d. Tho gonads at 2mm stage of blastozooid are seen to arise separately from 
their owm “fimdamfait 'rhis is in agreement with Simkins' ( 1 025) study on turhinata. The 
development of folliel<' cells is also st udit'cL It app<nu-s that the ‘primary folliele’ is differentiated 
at a very (mi*ly stage (^ven when tiie ooetyte is still a part of the germinal ,et>ithelimn. Tho 
‘primary follieh'’ which is in the nature of a. “sync.ytium’ allows both flat and round nuelei. 
It is from the flat niwha that the outer follicle (adls are derived wdiile tho round nuclei give 
riso to tho inner follicK^ (ndls. Idle ‘'Post cells’ arise by mitot ic divisions of the inner follicular 
epithelium. This study is in agreement with that of Tucker (1942) on StyaUi. 


Inthodootton 

So far as the author is aware, only two accounts of the germ colls of Eciein^ 
ascidia (fam : Perophoridao) exist, i.e. Lefevro (1897) and Simkins (1925). They 
seem to disagree in rospotd of tlu^ origin of th(* gonads. Lofevre derives the testis 
and the ovary from a common vosit-It^. Tliis co emon \'(^si(;Ie, according to him, 
divides and later separates into two. From eac^h cavity the testis and ovary arise 
respectively. Simkins, how^ever, feels that they arise from their own independent 
“fundament”. 

Regarding the egg ouvolopes, Huns (1937) givt^s a genioral summary of the 
earlier work. Some recent ac(;ounts deal with the development and function of 
the follicle cells — Hpek (1927) in Clavrlma, Knaben (1939) in Corella and Tucker 
(1942) in Stye.la, Earlier workers jnaintained that the ova and follicle cells arose 
from an unspecialised germinal epithelium, the inner ‘test cells’ differentiating from 
the primary follicles. The primary follicle then flifferentiates into an inner and 
outer folli(?idar epithelium, the latter remaining continuous with tho germinal 
epithelium, and not carried over by the ripe egg. Tho chorion is seen between 
the ‘test cells’ and the follicle cells. But 8pek and Knaben derive the follicle cells 
and chorion from the amoeboid mesenchymal cells which are on the surface of 
the ovum. Tucker who investigated wdtli this dilforence in mind confirms the 
earlier view (see Berrill, 1950). 

In view of the })aucity of information in regard to the egg envelopes in 
Ecteinascidia the present study seemed desirable. 

Material and Methods 

Ecteinascidia thurstoni Herdman was first collected during the premoonsoon 
period of June 1956 as part of a preliminary survey- of the marine fauna of Gulf 
of Kutch (Gideon et al., 1957), Later, in May-June 1958, many animals with 

♦ Present Address : S. R. Venkatasiibba Rao. Biology Laboratory, Cetneer Institate 
(W.I.A.), Gandhinagar, Madras-20. 

VOL. 26, B, No. 4. 
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oiubryos in difforent stages of development were collected. Financial aid for a 
collection trip to Okha (Western India) was generously providcxl by The National 
Institute of Sciences of India, which is gratefully acknowledged. The material 
was idoutihixl by Dr. K. H. Millar of tlie Marine Laboratory at Millport, Scotland, 
through the courtesy of Miss. A. M. (Mark of the British Museum (Nat. Hist., 
London, to both of whom the author is highly thankful. 

Observations 


(1) Compound Oomid 

The compound gonad is situated towards the left side of j)liarynx, aV)ove 
the stomacdi. It consists of testis and ovary enclosed in a tine, loose tissue. 

TfMifi : It consists of follicles from which arise the vasa offerontia. The 
testis follicies are line<l by the testicular c])ithelium, which is (.-ontinuous with that 
of vas efferens. All the vasa efferentia unite mesially, generally towards the right 
side of the ovary to give rise to vas deferens. Neither the vasa efferentia nor the 
vas deferens is lined inside by cilia. The vas deferens runs along the intestine, 
opening into the atrium. 

Ovary : The ovary appears as a bunch of grapes, situated centrally, being 
surrounded by the testis. It is orange in (colour in tlie living condition. The 
fully formed ova are pushed tow'ards one side of the ovary and later are con- 
ducted by a line short oviduct to the right side of the pharynx where they undergo 
further development in the brood poindi. V^arious developmental stages from the 
2-(!ell stage to the larva are obtained in it. 

(2) Development of the gonad 

Tadpoles about to be released from the adult revealed no indication of any 
germ cells. Four different stages of blastozooids were examiiuHl viz. 2 mm, o mm, 
8 mm. and lo mm. In the 10 mm l)lastozooid the gonads were clearly soon oven 
by the unaidcnl ey(^ whereas in the 5 mm. blastozooid the gonads were barely 
visible and in the 2 mm blastozooid the gonad was not vi8i})le to the naked eye. 
The 2 mm. stage, therefore, formed the starting })oint for the dovcdopmental studies 
described in this pa})er. 

TeMi^s : The testis arises as a group of pocMxcts or clusters towards the left 
side of the atrial ej)ithelium inde[)endently, in the region between endostyle and 
dorsal lamina (Fig. la). Each pocket is lined ])y tlu^ germinal epithelium. To 
begin with, it encloses a small cavity into whicdi tbe male g(Tm colls are shed. 
In the later stages these small pockets enlarge in size giving rise to the semini- 
ferous tubules. 

In the mid-region of each pocket is a small duct, the seminiferous duct or vas 
efferens (Fig. lb) running towards the region of the ovary. The lining of the duct 
in a longitudinal section (Fig, Ic) shows elliptical nuclei, whereas in a cross section 
they appear round (Fig. Id). The cavity of the duct is empty. This should be 
expected since the meiotic divisions start much later. 

Each follicle is 50 to (>0/4 in thickness. In the beginning there are only a 
few spermatogonia I (;ells in the follicle with much empty space. The cells stain 
feebly in haernatoxylin. A striking feature is that all the cells in all the locules 
are in the same stage of development. 

For the first time, at the 5 mm. stage, the nuclei begin to show some mitotic 
activity in that a few metaphase plates are recognised. Unfortunately, chromosome 
counts were not possible at this stage. 

At the 8 mm. stage meiotic divisions are seen, a few sperms also. It is at 
this stage of development that Sirnkins noticed the sperms in E. turbinata. Finally 
at the JO mm. stage the testis follicles grow larger, almost completely surrounding 
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the ovary. The testis follicles regress later, when the eggs in the ovary are ready 
to bo shed. 



FigH. la to Id. : Development of the testis 

Fig. la, — -Shows the testis arising as groups of pockets towards the left side of the at rial epi- 
thelium. There are a few sy^ormatogonial cells derived from the germinal epithe- 
lium. 2 mm blastozooid. ( x 1200) 

Fig. lb. — ^Lougitudinal section showing the seminiferous duct. 2 mm blastozooid ( X 1200) 

Fig. Ic. — -Longitudinal section of the seminiferous tubule and duct at a later stage (3 mm blastoi- 
zooid). The cavity of the tubule is filled with spormatogonial cells. The nuclei - 
lining the sperm duct are elliptical. ( x 1200) 

Fig. Id. — Cross section of the sperm duct. 3 mm blastozooid. ( x 2000) 


Ovary : Even at 2 nun. stage, the gerniainal epithelium is clearly seen (Pig. 2a.) 
Within the germinal epithelium the oocytes begin to develop. As the oocytes 
grow in size, the older ones are displaced from the germinal epithelium (Pig. 2b). 
The oocytes appear to be in the germinal vesicle condition. The earliest oocyte 
resembles the spermatogonial cell. But the gradual increase in the volume of 
the oocyte sooner or later betrays its real identity. The fully developed oocyte 
•at this stage shows an outer and an inner follicular epithelia (Pig. 3c). 

In later stages the ooctyes increase in volume and only when the blastozooid 
is mature (10 mm.), there is seen the production of yolk in the cytoplasm. A fully 
developed oocyte just prior to be shed has an inner follicular epithelium and a 
very thin outer follicular epithelium. Internal to the inner follicular layer is seen 
the chorion. The 'test cells^ are seen below the chorion. At this stage the 
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germinal vesicle breaks down. This might mark the sUige at wliich the egg is 
shod from the ovary, and is conducted through a tiiin, membranous oviduct. 




Tcxt-ffc. 2 


2a to 2b. : I )i'V('lop>nrnt of the oro^'p 

Kig. 2a."”'Tho gorraiual epitholiom a.s so(*ii in tho 2 inin blastozooid, Dovoloping ooo.ytos aro 
Hoon. ( X 600) 

Fig. 2b.---Th(' fully grown oooytos aro boing <lis])lacod towards one side of tho germinal e])ithc- 
lium into t he ovarian eavity. 2 rnm blasto/<K)id. ( x 6t)()). 

(3) Development of egg ejivelope^^ 

It is noticed that tho young oocytes arc formed in the germinal epithelium 
whil(» they are still part of th(^ wall of the ovary (Fig. 2a, .3a). Those young oocytes 
lack the follicle layers. For sometime the oocytes undergo development and later 
they protrude outside from the geritunal e[)ithelium, still in connection with the 
wall of the ovary. The oocyte is surrounded by a syncytium with Hat and round 
nuclei (Fig. .3b). This can be regardefl as the 'primary follicle’. It is from the 
flat nuclei that the outer follicular epithelium is derived while the i»'ner follicle is 
develo])od from the round nuclei. This strutdural difference is maintained through- 
out, Thus the ‘primary follliclo’ is differentiated at a very early stage as in Styela. 
I^ter the outer folli(^le layer becomes flat and thin and many a time it may be 
lost during the process of section cutting, while the inner follicle layer remains 
intact. The follicle cells increase by mitotic divisions (Fig. 3e). 

The chorion is a well defined structure in the oocyte of Ecteinascidia. It 
appears as a thick membrane in stained preparations. It lies towards the inner 
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Text-fio. 3j| 

Figs. 3a to 3f. : Develop mentlpf egg envelopes 


Fig, 3a. — Shows thej flevolopmont of tho oocytes from tlio undifferentiated germinal epithelium 
as tubular oocytes. ( X 1200) 

Fig. 3b. — ^The oocyte is surrounded by a syncitium, with flat and round nuclei. Tho syncytium 
is still in connection with tho germinal epithelium. ( y 2000) 

Fig. 3c. — fully developed oocyte showing both outer and inner follicular epithelia. The 
oocyte remains in association with tho germinal epithelium through the follicular 
stalk. (x600) 

Fig. 3d. — Shows the origin of the ‘test cell’ from the inner follicle by mitotic division. The 
't(3St cell’ is situated between tho chorion and egg membrane. (x4000) 

Fig. 3o. — Shows a mitotic figure among the^nner follicle cells. ( x 4000) 

Fig. 3f. — -Shows mitotic division in the ‘test cell’. ( x 4000) 
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aHjKK-t of the iiiTior follicular opithcliuni. The ‘test cells’ lie between the chorion 
aorl the inernbrane, as in the case of Corella (Knaben, 1936) and t^tyda (Tucker, 
1942). 

Tlu^ ‘t(?st c(41s’ aris4^ by the mitotic divisions of the inner follicular epithelium 
(Fi^. 3d). The iruTeast^ in tlu^ nuni]>er of ‘test cells’ and the inner follicle cells 
is by mitotic divisions (Fi^. 3(^, f). 

(ilENKTlAI. C(»NSIJ)KT{AT10NS AND C( )N( T.rSTONS 

This ac(o»int of tlie de\ (4o[>n;cnt of the gonad i]> K. indicates that 

(ner) in such an early stages as 2 mm. blastozocnM the testis and ovary arise as 
iiulep(*T!d(mt (^ntiti(‘s as s<^en in K Aurlnuaia (Simkins. 192r>). T>ut it should be 
[xnnled out lu're. that though th<5 gonads appe^ar inde])endently of each other, 
lu^vert Indi^ss, they should at sonu^ (^arli(u* stage, have arisen from a common prinmr- 
diiiiTi. In this idea lAdevre (I S97) is probably correct but i\w manner in which he 
assumes the dilbu'^mtiatiou i?ito t(^st is and ovary, needs a thorough reinvestigation. 

Tlu^re is a short, t rar)Hf)a.ref»t o\'i(hict as d(\seribefl i?i other S])ecie8 of pero- 
phori<l ascidians by Ih^rrill (1932) ami Polugh and »Tones (1939). 

Th(^ (‘gg of E res<unbles otluu* vi\ iparous ascidian eggs in the })ossession 
of a \ (‘rv thin r)ut(u* layer, ddui follicle cells are never vacuolated. These condi- 
tions are asso(da.t(Ml v\ ith acMpiisition and maintenanc(i of the viviparous condition 
(se(^ Herrill, 1950 ). 

As regards tfn^ origin of t h<^ follich^ c(4ls and tlu^ ‘test coils' th(^ present study 
is in agrecumuit witli that of Tindxcr’s view. 

A( ’ K N 0\\' LE I )(: EM ENTS 

Th(^ author is highly ind(‘bt(xl to Frof(\ssor H. R. Koshachar, F.N. I., for guidance 
and <‘n('()urag(uii(uit . Ft is with gnait ])leasun^ lie rtuords his gratitude to Th*o- 
h^ssor N. J. Herrill for kind criticisms and roA using tlu^ manuscri])t. His thanks 
are duf^ to Atr. A. H. Lakshma.n tor tln^ illustrations. H(i is graOTuI to the National 
[nstitute of Sci(uic(^s of India for tlu^ award of Junior Rc^scarch Fcllowshi]). 
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Abstract 


In this communicat ion an aitomjit has boon mado to analyse the interrelat ions between 
total length, standard length, dept h anti weight of the teh'ost oan lisli, Laics calcarifcr. ( 'orrela- 
r ion and regression analysis has been done for tlio original measurements and after logaritlimic 
transformation. 


Intkoduction 

Tho length-weight relatJonshij) for dilTorcnt tislios is one of the j)opular subjo(;ts 
for lishory research of the clay. After the eiuuiciation of the cube law by Herbert 
Spencer in 1871 a number of investigators have worked with various kinds of lisli. 
A more or less detailed resume of previous results has becui given by Jhiiigran 
(1952). To avoid unnecessary repetitions, the references edited in flhingran's 
paper are not being mentioned here. Besides, other workers like Andrews and 
Lear (1956), Grainger (1953), Hewson (1955), Hourston (1952), Kennedy (1953, 
1954) and Partlo (1955) have carried out valuable investigations into the longtli- 
wciglit relatiotiship for fishes. In India, Jhil and Joshi (1956), Karekar and lial 
(1956), Pantulu (1956), Pillay (1954), Prabhu Pradhan (1956) Sarojini (1956) 

and others have supplied information regarding the length-weiglit relationships 
for some species of fish. Bal and Joshi (1956) have also studiocl the relatiojiship 
between total length and standard length of Mackerel. Tlie present investigation 
was undertaken with a view to studying the length- weight relationsJiip for La tea 
calcarifer. Statistical tests establish the cube law of Spencer in this fish, liesides 
this, certain other points relating to the interrelationships of total kmgtl), 
standard length, depth and weight were also investigated ; the findings seem 
to be of some interest. 


Material analysed 

The present investigation is based on measurements on 209 specimens of the 
food fish, Lates mlcarifer (Bhekti), abounding in seas, back-waters and mouths of 
tidal rivers, from the east coast of the Persian Gulf to the Malay Archipelago and 
beyond (Day, 1889). These specimens were collected from local markets of Calcutta 
and Chandemagore (West Bengal) during the months of September to Decend)er 
in 1955 and during the same period in 1956. The method of selection was, stricdly 
speaking, haphazard. The chief aim was, however, to investigate the relationships 
between the different measurements on the specimens. Average values of the 
different measurements or, more generally, the respective frequency distributions 
were of secondary importance. The non-randomness of the procedure of selecting 
specimens does not vitiate studies into the relationships so long as the ranges of 
values observed for the different measurements are — as in the present case — ade- 
quate ; it does, however, detract from the usefulness of the frequency distributions 
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or averages, trioasuros of variahility etc. presented in this paper for the different 
measurements. 

Four different ni(iaHureni<uits were taken, viz., (i) total length of the fish, 
(ii) standard length, (iii) d(^pth, and (iv) weight. Total length was the distame 
along the s(^ale from tlie tip of the snout to the (^.xtnmiity of the caudal peduncle. 
The distarKfc from tlio tif) of the snout to the base of tlie caudal tin was taken as the 
standard length. Deptli was nieasured from the* base of the first spine of the 
anterior rlorsal to tlu^ abdonum, parallel to it. 

All nuiasurements of total length, standard length and depth were taken, 
correct to the millimeter, on a wooden meter scale. Weights were taken, c-orrect 
to 1/lOth f)f a gram, in atj ordinary ]>hysical l)alance. 

Measurements of de[)th tak(m for 158 8f)ecimfms only. The remaining 

three measurements w<u‘e taken for all the specimens. Spetrimens could not be 
classified according to sex, since during tlie period of investigation maturity of 
the sox organs just begins. 


Statistjoal anai.ysis : OuioiXAr. variates 

Frequency distributions for the four measurements are given in Tables I 
and 2. It is evident from th(*s(^ tabh'.s that wliile the distributions for total length, 
standard length and d(;pth are roughly synu!i(drical, that for weight is positively 
skew, which is, of course, a.s (c\p(M t<‘fl in vi(nv of the form of the relationship — 
discussed helow -betweiM) wcught on one hand and (either one or two or all of) 
the three remaining variates on the other. 

T.\ble 1 

Frequenci/ distrUiUllou af total length and of standard length of 209 specimens 
of Bhekti^ Laitc-s calcarift'r. 


Total Umglli 

Ninnhnr jif 

Standard Icnj^th 

Numl)cr of 

ill (mi.* 

ti.shcs 

in cm.* 

fislavs 

12.0-13.5 

3 

10—11 

1 

13.5 15.0 

3 

11 12 

4 

15.0 ~ -10.5 

3 

12-13 

1 

16.5 18.0 

8 

13 14 

3 

18.0—19.5 

18 

14—15 

3 

19.5- 21.0 

20 

15 10 

14 

21.0—22.5 

27 

16—17 

16 

22.5-24.0 

33 

17—18 

17 

24 . 0 —25 . 5 

35 

18-19 

22 

25 . 5 —27 . 0 

20 

19—20 

18 

27.0—28.5 

5 

20-21 

32 

28.5- 30.0 

9 

2 1 22 

24 

30.0—31.5 

11 

22-23 

13 

31.5-33.0 

11 

23—24 

8 

33.0—34.5 

1 

24—25 

4 

34.5—36.0 

2 

25—26 

5 



26—27 

13 



27—28 

6 



28—29 

3 



29—30 

2 

Total 

209 


209 


♦ Every class-interval includes its upper limit . 
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Tabus 2 

Frequeyxcy distribution of depth of 158 specimens and of weight of 201) specimens 
of Bhckti, Latevs calcar i for. 


Dc])th 

Number 

Weight 

Number 

in cm.* 

of hsiios 

ill gins.* 

of fishes 

3.0 -3.5 

2 

25— 50 

8 

3 . 5 -4 . 0 

10 

50 - 75 

19 

4 . 0-4 . 5 

11 

7r> — 100 

19 

4.. 5 -5.0 

1() 

100 125 

18 

5 . 0 5 . 5 

23 

12.5- 150 

29 

5.5 ().0 

38 

150-175 

36 

0 . 0 — 0 . 5 

35 

175 -200 

19 

0..5 -7.0 

10 

200- 225 

20 

7 . 0--7 . 5 

2 

22.5 — 250 

6 

7.5 S.O 

4 

250 — 2 7 5 

2 

8 . 0 -S . 5 

4 

275 — 300 

5 

8 . 5-9 . 0 

1 

300-325 

5 

9 . 0—9 . 5 

2 

325 350 

1 



350 — .375 

6 



375 400 

5 



400 425 

5 



425 450 

1 



450-475 

5 

'total 

158 


209 


* Ev'cry claas-intcrval iriclndt'H iln uj>])cr limit. 


As^eni^re values, staficlard doviatiouK and ran^t^s of tho four variatoB are given 
in Table [bt Tt niay be nieritioned that depth nieasureinents wore not available 
relatively fnMpieiit I ibr the bigger tisln^s. H liis explains why inoans and standard 
deviations of th(^ tiirec^ riunaining variates bascnl on tlu^ 158 specjiinens for which 
depth was nieasunul, are a]j])r(5eiably smaller than eorresj^otgling figures based on 
all tho 209 values. 


Tabi.e 3 

Average, values, standard deviations and range.^ of total lengthy standard 
length, depth and weight of 209 specinicns of Bhekti, LatoH calcarifer.t ^ 


Range 


Sr, Variate 

No. 

Unit 

Averag€3 

Stan<lard - 
devial ion 

Minimum 

Maximum 

Difference 

1 Total length 

cm. 

23.76 

(22.9.3) 

4.42 

(4.20) 

12.8 

35.5 

22.7 

2 Standard length 

cm. 

20.26 

(19.59) 

3.82 

(3.66) 

10.9 

29.8 

18.9 

3 Depth 

cm. 

(5.72) 

(1.12) 

(3.1) 

(0.4) 

(6.3) 

4 Weight 

gm. 

176.09 

(1.56.34) 

99.38 

(90.09) 

28.1 

470.5 

442.4 


X Figures written within brackets are based on the 158 specimens for which depth 
measurements were taken. 


t All calculations involved in this paper were based on ungrouped data. 

2 
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For want of space, only two of the scatter diagrams depicting the relationships 
between the variates are presented in this paper (vide Figure 1 and Figure 
2). It was apparent from such diagrams that total length, standard length and 
depth are more or less linearly related among themselves, the lines of regression 
j>assing fairly close to the origin. Weight, on the other hand, bears obviously 
curvilinear relations with either of the throe remaining variates. 


35 


30 


25 


20 




r 


& 




<5 






■ > * . . _ . • _ I 

to 15 20 25 30 35 

Standard length in cm. 

Text-jig. 1. 


Tests of non-linearity of regression were applied in a few cases. Specimens 
having the same total length, correct up to millimeter, were regarded as forming 
the “groups”. Tables 4, 5 and 6 present the relevant analyses of variance for 
the regressions (in each case) on total length, of standard len^h, depth and weight 
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respectively. Contradictory to general impression, the regression of standard 
length on total length is significantly non linear; it seems, however, to be of mere 
academic interest to fit polynomials of higher degree to this regression. 



Total length in <jin 
Text-fig, 2. 


Since total length, standard length and depth are at least approximately Imea^y 
related among themselves, usual correlation and regression analysis is valid tor 
these three variates without any transformation. Results obtamed are shown 
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Table 4 


TpM of non-linearity of the regression of standard length on total length. 


iSourcc of 
voiriution 

DcgrccR of 
frccflom 

Sums of 
HtjuarcH 

Moan 

square 

F-ratio 

Liriour rf'grnH.sion 

1 

no 10. 72 



Nofi-lincfirit y 

1 in 

13.28 

0. 1216 

1.639* 

Hot vveen groups 

1 1 1 

3024. 10 



Krror 

07 

7 . 20 

0.07423 


'Totul 

208 

303 1 . 30 



* The valuo i.s 

rtignificaut at 1 

per C('nt l('Vol. 




Tahli*: 5 


Test of non-iineftrity of the regression of dcjjth on total loigth. 


Source of 

I)c’gr('es of 

Surnn of 

Mean 

F-ratio 

variat ion 

fn u'dom 

s({uar('s 

square 



Non4in<?arity 

S8 

io.r>3‘> 

0. 11076 

1.034* 

Hetwec'n groups 

80 

188.804 



Frror 

68 

7.877 

0.11584 


Total 

157 

106.()S1 



* The Viiltie is 

nori-sigrn‘fi(*ant . 





Table 6 

Test of no)i -linearity of the regression of Weight on total length. 


Sourci' of 

Degri'es of 

Sums of 

Mean 

F-ratio 

variat ion 

fre( (loin 

s(|uar(*.s 

squares 


Linear regression 

I 

10(»S587 . 80 



Non-linearity 

no 

132624.88 

1205.68 

8.98* 

Betavt'en groujis 

111 

2041212.77 



Error 

• 07 

13027.07 

134.30 


Total 

208 

2054230.84 




* The vivlue is significant at 0.1 per cent level. 


in Tables 7 and 8 ; figures within braekots are based on the 1*78 specimens for whies 
depth was measured. Standard symbols of statistical literature have been useh 
(Yule and Kendall, 11)50). The subscripts 1,2 and 3, denote the three variate, 
viz total length, standard length and depth respectively. 
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Tablk 7 


Ordinary , partial and multiple correlation cotjficirnts between total length ^ .standard 

length and depth. 


Symbol 

Value 

SymV)ol 

Value 

Symbol 

V^xlue 


0.997 

(0.997) 


(0.11(59) 

Ah.23 

(0.997) 

ri;i 



(0.42(5) 


(0.997) 

^23 

(0.944) 

'*23.1 

(-0.203) 

2 

(0.954) 


Table 8 

Regression equations for total length {in cm.)^ standard length (in cm.) and depth (in cm.). 


Pammi'tor8 of rogrosHiou 


Dependent 

variate 

y 

Independent 

variate 

X 

equation y 

- a-1 5:r 

Standard errors 

a 

b 

H. o. (a) 

H. o. (b) 

Total 

length 

Standard 

length 

0.39 

(0.54) 

I . If) 

(I.J4) 

0. IS 

0.0087 

Standard 

length 

Total 

length 

-0.30 

(-0.33) 

0.8(5 

(0.87) 

0.0(54 

0.0027 

Total 

length 

Depth 

(2.51) 

{:\.r>i) 

(0.51) 

(0.087) 

Depth 

Total 

length 

(-0.10) 

(0.25) 

(0.10 ) 

(0.0068) 

Standard 

length 

Depth 

(1.95) 

(3.08) 

(0.51) 

(0.087) 

Depth 

Standard 

length 

(0.007) 

(0.29) 

(0.10) 

(0.0081) 


Ordinary, pai-tial and niultiplo correlation coefficiontR ])etwoon the variates 
after logarithm i(.* i T’ansformation will bo examined in some detail below. It is 
curious that coefficients in Table 7 above are very nearly the same as corresponding 
coefficients obtained after logarithmic transformation. To avoid repetitions, inter- 
pretations of coefficients in 'liable 7 are being omitted ; these will be essentially the 
same as those given below for the coefficients based on logarithmic variates. 

Table 8 shows the standard errors of the parameters of the regressions. It 
will be seen that the values of a for the regressions of depth on total length or on 
standard length (but not vice verm) are not significantly different from zero. The 
values of a for the regressions of total length on standard length or 7nce versa are 
significantly different from zero. In all cases, however, in which the value of a 
is significant, the value is small in comparison with the range of the variates. It 
may be pointed out that if a is non-significant, then the relation reduces to one of 
proportionality. 



log (weight in gm) X 100 
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Regressions for the logarithmic variates 

Scatter diagrams indicating tlio relationships between pairs of variates after 
logarithmic transforlnation were oxamimsd, but for considerations of space only 
one of them has been [iresented here (vidi'. Figure 3). It w'as seen that logarithms 
of total length, standard letigth and depth are also approximately linearly related 
among themselves. This is apparently contradictory to the tindings for the corres- 
ponding regressions for original variates which are also more or less linear. The 
small values of 'a' in Table 8 seem to be responsible for this somewhat anomalous 
result. It was also evident from the diagrams that the logarithm of weight varies 
linearly with either of the thns) remaining logarithmic; variates. This latter is in 
confirmation of the well-known Spencer’s cube law, or more properly speaking 
its generalisation, i.e. the allometric growth formula of Huxley. 



log (total length in cm.) 


Text-fio. 3. 

By way of example, the analysis of varianeo for testing linearity of the regression, 
of (logarithmic) depth on (logarithmic) total length has been presented in Table 
9. As before, specimens having the same total length, correct up to millimetre 
formed the “groups”. The significant result in Table 9 makes it plausible that the 
tits of some of the regressions in Tablo 10 can he improved by adding higher degree 
terms ; the linear regressions are, however, quite sufficient for most purposes. Table 
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10 presents some linear regression equations (fitted by the method of least squares) 
for the logarithmic variates. 


Table 9 

TeM of non-lineurity of the regre^ifilon of logarithm of depth on logarithm of total length* 


Source of 
variation 

Degrees of 
freedom 

Sums of 
squares 

Moan 

square 

F-ratio 

Linear regression 

1 

1 .040302 



Non-linearity 

88 

0.07.6357 

0.00085633 

1.449* 

Between groups 

89 

1 . 1 1.56.69 



Error 

68 

0.040191 

0.00059104 


Total 

167 

1 . 1558.60 




* Tho value is just significant at the 5 per cent level. 


Table 10 

Regression equations for the logarithms of total length in cm. (.ti), standard length in cm. 

depth in cm. {x>n) and weight in gin. ( 374 ). 


Sr. 

No. 

Dependent 

variate 

Independent 
variate or 
variates 


Regression equation 

8 . e. ( 6 ) 

1 

log 

log X’l 

log Xi 

^ -1.9804 3.038 log 

0.029 

2 

log x^ 

log x. 

log Xi 

-1.704 1 2.089 log^r., 

0.035 

,3 

log *4 

iog X:i 

log Xi 

= 0.0324 2.798 log a!:, 

0.056 

4 

log *1 

log a o 

log Xi 

0 . 089 1 0 . 985 log 

0.005 

.6 

log X 2 

log Xi 

log X-i 

-0.083 f 1.010 log Xi 

0.005 

6 

log Xi 

log X;t 

log u'l 

----- 0.683-1 0.894 log x, 

0.024 

7 

log 

log Xi 

log :C;, 

. -0.613+1.006 logiiq 

0.027 

8 

log X’o 

log x-t 

log X 3 

-- 0.607 4 0.905 log X 3 

0.064 

9 

log x^ 

log 

log X:, 

- -0.,609 f 0.979 log X 2 

0.028 

10 

log X 4 

log Xi 

log Xi 

-1.387 4 2.077 log 




log 2:3 


4-0.941 log X 3 


11 

log x^ 

log x. 

log Xi 

— - 1 . 11041.666 log 




log X3 


4 - 1.110 log 373 



Tests of significance were ap})lied to examine whether the regression coefficients 
in line numbers I, 2 and 8 of Table 10 are different from 3. The critical ratios 
which are normally distributed in virtue of tho large sample sizes, are 1 •30,-0*32, 
and -3.60 respectively. Tho non-significance in the first case implies that Spencer’s 
law holds good for Lale^s calcarifer.* In a similar manner it is found that regression 
coefficients in lines 4 and 5 are significantly different from 1, which shows that the 
relation between total length and standard length is not one jof proportionality. 
For that of total length on depth the deviation is still more conspicuous ; but for 
standard length and depth, a relation of proportionality may be assumed. Detailed 
examination will show the correspondence between significance of values of a 
in Table 8 and of significance of deviations of values of b from 1 in Table 10. 


* It is possible that some of tho cases of ‘failure’ of Spencer’s law reported 
in tlie literature would turn out to be otherwise on an application of tests of 
significance. 
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Table 11 gives expec ted or standard values of weight (in gnis.) for dilferent 
values of total length, standard length or depth. These values are based on 
rogre.ssions of Table 10. 


Table 1 1 

Standard v(dues of yHiffht rorrrjipnnditu/ to different ralucjs nj total lentjih^ standard 
bntpk or drptli of Bkf'ktiy Liitfs cahuirifor. 


Tot 111 
lofigt h 
(cm.) 

WciLdit 

(gins.) 

8t iiiiflord 
Icngtli 
(cm.) 

10 

11.4 

JO 

15 

59.2 

15 

20 

94.0 

20 

25 

1 85 . 2 

25 

50 

522 2 

50 

55 

514.7 



Weight 

(gms.) 

Df']>t)i 

(cm.) 

Weight 

(gmH.) 

19.3 

3 

23.3 

04.2 

4 

52.1 

152.8 

5 

97.2 

297 . 7 

0 

161.9 

515.3 

7 

249.3 


8 

562.2 


9 

503.6 


Correlations among the logarithmic variates 

The matrix of correlation ( (Mdlieicnits bet ween) the logarithmic^ variates is given 
in Table 12. Figures within brackeds rc^jirc'sent rorrelation (joeffiedents based on 
the 158 sots of values for which de[)th measnnn»n>nts were available. 

Tablivs I, 4, 14 and 15 givc^ lespCM't ived y the partial coiTelation coefficients of 
the first ordcT, thc^ partial correlation coefficdcnits of the second order, and the 
rnultijilo correlation coetlicicmts. SnbscTipts 1,2,5 and 4 denote the four variates 
i.e. respcHdiv'oly, logarithms of total length, stamlard length, depth and weight. 
In Table 15 a few figures are based on 2t)h .sets of values and the remaining ones, 
given within brackets, on 158 sets of values only. 


Table 1 2 

Matrix of rorrelation corjjicients betirren logarithms of total length, standard 
length, depth and weight of 209 specimens of Bhekti, Latoa calcarifer. 


Logarithm of 

Logarithm of — — — — — ■ - - — — — 

Total Standard Depth Weight 

length length 


Total length 1 

Standard length 

Depth 

Weight 


0.997 0.948 0.991 

(0.908) (0.988) 

I 0.941 0.980 

(0.984) 
1 (0.970) 

1 
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Tabi,b 13 

Partial correlation coejjtdcnts of the first ordAir for the lotjarithmic varuttes. 


Symbol 

V’'aluo 

Symbol 

Vnluo 

Symbol 

Vahio 

^12. a 

(0.979) 

^l.V4 

(-0.201) 

^2 3*4 

(-0.318) 

^12-4 

0.894 

^14-2 

0.509 

^24-1 

-0.136 

(0.920) 


(0..512) 


(-0.128) 

ri-6-2 

(0.42:p 

^ 1 4 • ;{ 

(0.8s:i) 

^24.. 3 

(0.807) 


^23.1 

(-0,237) 

^341 

(0.071) 





(0.734) 


Table 14 

Partial correlation coefftcients of the second order for the logarithmic 

variates. 


Symbol 

Vahio 

Syml)ol 

Vtihio 

n2-.34 

0.914 

^23.14 

-0 . 205 

^1.1*24 

0.084 

^2 1 -1.3 

0.029 

^4.2.3 

0.332 

^34-12 

0.005 


Table 15 



Multiple 

correlation coefiicients for 

the logarithmic 

variates. 

Syml)ol 

Val uo 

Symbol 

Value 


0.99S 

^.{•124 

0.073 


0.998 

7?4*12.3 

0.093 


Tho follovviag are the salient features of the above-mentioned tables : 

(a) All the ordinary correlation coefficients are very high. The ndnimum figure 
is 0.941, which is the correlation coeffichmt between (the logarithm of) standard 
length and (that of) depth. The rnutliple correlation coefficients are also very 
close to 1,0.973 (for the logarithm of depth) being the lowest value. Any of the 
four variates can thus be predicted from the others with great accuracy. (Logari- 
thmic depth is the least correlated of the four variates. The other three are more 
highly correlated with the rest.) It is, however, seen from a comparison of the 
ordinary and multiple correlation coefficients that although many of the partial 
correlation coefficients are significant, there is very little gain in accuracy in pre- 
dicting the logarithm of weight or of depth and still less in predicting (the 
logarithms of) total length or standard length from the other logarithmic 
variates) with an increase in the number of predictor variates beyond one. 

(b) The correlation coefficient between total length and standard length (both 
logarithmic) is very nearly unity. All the partial correlation coefficients (viz. 

3 



186 D. N. OANOITLY, B. MITUA & N, BIf ATTACH AKYA : INTEBKELATIONSHIPS BETWEEN 


^ i 2 v ^12-34) those twH vttriatos are also very high. Moreover, in all 

<;as(is an oniinary t>r j)artial (M^rrelation coeffieienl involving onv of thvsv tiro variates 
hut n6\ the other is .seen to he more or le.ss uiu‘hanged if one of those variates is 
substituted for th(» otho.rh ((%>ni[)are, for exain{)le, rj^.g and r24-3 '*341 '‘34'2 ) 

These faets rendcT (Utlior of the two inoasureinents an almost {)erfe(d indioator of 
the othor'^. 1 'his is sonunvliat (ontradiotory to the statement of dhingran ( 11 ) 52 ). 
Jhingtan ehiarly recognised th(^ superiority of standard length, but slated that 
its nieasurermmt was nu>re diffieult. Ke u.sed fureal length insti^ad of total length 
baring that the lattcrr would be alTeebid by Svt^ar and tear’. (Funal length, of 
course, do<^s not exist for Latr.s calcarifer.) The pre.sont study seems to indicate 
that the (effect of ‘wr.u* and tear’ on total hmgth of L. calrarifer is not so serious, 
for inspiti^ of it, total Umgth is an extremely goo<l indicator of standard length. Tt 
is suggested that in jiiost studies in whic h standard length has been used, thc^ easier- 
tO'nu‘asur(^ total length would havci sulli(H;d for all practical purposes. 

(v.) The ])artial corrc^lation (‘oeth(uents of the tirst order ])ro\ ide interesting 
study although (juite a hnv are dilHcudt to interpret. For some of tlie coetHcients 
of the second ord(u\ the physi(tal sigiuficaruje is still more obscure. The partial 
correlation (joelHcients with I as a primary sutlix and 2 as a secondary sufhx, or 
vire. versa, are jiart icularly in point. All these (T)ofticients are highly signilic^ant 
excepting which is nearly significant at 5 per cent level, and ^^3.24 and 

^24*13 non-significant. 

(d) High and [)ositivo values of r^g-a, ^12-4 ^^^d rjg. 34 are, avS stated earlier, quite 
exp(^(ded. These indicate^ that even when weight and/or depth is held fixed, 
standard length and total length are closely related, ddie values of ^^4.3 and 

it may be noted, are higlu^r than those of rgj.j or ^34. 2 or, what comes to nearly the 
same thing, ^34.12- This shows that weight is more heavily de])endeiit on total 
length or stanclard hnigth than on depth, a faid which is not so obvious from the 
ordinary correlation coeflicionts themselves. 

(e) As regards the nunaining coefficients in Tables 1‘Wnid 1 1, only the negative 

values of /q3.4 and ^23. 4 are intelligible. The^so indic^ato that if weight is to nnuain 
fixed, stare lard length or total length must decrease as depth is incrrnxsed. All 
the nunaining coefliciimts have the subscript J as a primary sufhx and 2 as a 
secondary suffix or vice i^ersa, whirdi leads to ditiicult k^s in interpretation. Tt 
appears from the values of and that for a givcm standard length, an 

increase in total length is associated with increasing weight, which is ex])ect(Ml, and 
with increasing breadth. As against this, the values of /*23.j and r24.j, indicate that 
for a ti.xed total length, increasing standard length is associated with decr€?asing 
weight or breadth. A somewhat similar contrast may be noticerl Ixdween the 
vuilues of rj4.23 ^23* 14* 


Remarks 

The significant t races of non-linearity of some of the regressions between total 
length, standard length aiul depth have been ignored in this }>aper ; it does not 
seem important to estimate the higher degree terms of these regressions. For 
identi(?al reasons, the slight non-linearity of some of the regressions })etween logari- 
thmic variates ha\o not been analysecl. It is apprehended that in studies with 
such high correlation coelficients, traces of non-linearity in some of the regressions 
may distort the partial correlation coeflicionts. 

1 Ft will be swn, that, for example, ri ^,2 are not of the same order of magnitude, 

which explains the clause italicised. 

2 This is, of course, quite natural since standard length is the major component of 
total length. Besides, the remaining oomponont of total length (which is in fac t the length 
of th<5 caudal tin) is also correlated with standard length. For the 209 specimens taken together, 
this (iorrelation coefficient was found to bo 0.848. 
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A few j)oints emerging out of this study seem to he of some theoretical 
interest, viz. the interrelationships between the linearitv or otherwise of the 
regressions for original and transformed variates, of the significance of the value 
of 'a for the fornier and of the deviation of ‘6’ from I for the latter etc. 

Nummary 

» 

Total length, standard length and depth are more or less linearly related among 
themselves, both before and after logarithmic transformation ; in some cases the 
relation is one of af)proximate prof>ortionality. Weight, on the other hand, boars 
curvilinear relationships to these variates ; those, however, become roughly linear 
after logarithmic transformation. The relationship of total length and weight 
is not significantly different from Spencer’s cubic law. 

Other interesting conclusions emerge out of tlio detailed regn^ssion and corre- 
lation study. One of some pracitical importance is that for most ])urposes total 
length may bo used ir)stead of standard length. 
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MORT>HOLOGY OF THE ALTMEN’J'ARY CANAL OF I’HE L.\R\'A OP 
LtWClNODES ORBONALIS GUEN. (LEPIDOPTERA, PYRAUSTIDAE) 

by B. P. Skivastava, Agricultural InHit^ile, Jnbner, Jaipur 
(Conuiiunicatod by E. S. Narayanan, P'.N.I.) 

(R cceivfid January 12 ; read March 6, 1959) 

Abstract 

Tho forogut in (iivittiblo into j)liarynx, ooHophagun, crop, oo.sophagoal valve and the 
anterior interstitial ring. A bl<^od sinii.s is distinct !y ohsei v(‘d in t )l(^ o<*K()p)iagc‘al valve but aa 
it is without a (;liitinouH annular ring and tlie re.st raining cords it is not considered to be cai)ablc 
of ac.ting as a press for the formation of peritroj)hic rormbranfL 

d’ho midgut (^pitllelium contains interstitial cells, columnar cells and goblet cells, ddie 
interstitial (Mills r<'generat(_i the columnar and goblet (udls wliich form the regular e])ithelium 
of tho rnidgut . The globular protrusions arising from tlio columnar cells are regarded to be 
coll disintogral ion f)roducts and not the secretory vesicles. TJie [)eritrophic membrane is secreted 
by midgut (M)IIs of the anterior region and is not reinforced by the secretions from the cells 
of midgut »dong the whole of its length. 

Tho hindgut is divisible into ileum, anterior spliincter region, colon, a feebly developed 
posterior sphincter region and rectum. 


Introductfon 

Tlio aliinoittary uanal of IIk^ lo])i(lo])torotis larvae has certain interesting features 
which havT5 engagtKl the attention of st^veral workers. But there is no unanimity 
among them over v^arious issues. Among those are the fumdiojial and morpho- 
logical n5lationshi[)s of diffmcmt kinds of the midgut e])it})elial cells, the process of 
s(H*retion, the mode of formation, ocHUireuce and function of peritrophic membrane 
and a blood sinus in the oesophageal invagination. A detailed morphological 
study of tho alimentary canal of the larva of L. orhonalis was taken up to investigate 
those features and the observations made are recorded in the present paper. 

Material and Technique 

The larvae w(5re colkuded from tho infected brinjals and were reared in the 
laboratory. The instars were identified on tlie basis of liead vvidtlis which wore 
found to be 0.20 mm., 0.42 mm., 0.72 mm. and 1.30 mm. in first, second, third 
and fourth instars res[)octively. ddie various parts of tho alimentary canal were 
sectioned at 0-8 niicra thickness by usual microtomical methods and the sections 
were stained by haematoxyline and eosine. 

Observations 

The alimentary canal is almost a straight tube, nearly as long as the larva 
itself (Fig. 1) and having a wide lumen. As usual the gut is differentiated into 
the foregut, midgut and hindgut of which tho foregut and the hindgut are fairly 
small while the midgut occupies almost the whole of the abdomen. The exact 
dimensions of these divisions vary from individual to individual depending upon 
the stage of development, quantity of food material in the lumen and the peristaltic 
phase in which the gut is fixed. 

VOL. 25, B, No, 4* 
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1. The Forkgut 

The foregut starts from the level of the mouth and extends })a(^kwar(ls upto 
the metathoraeic segment where it joins tho midgut. Its wall is highly elastic and 
translucent. It fills the entire thoracic cavity when full of food but when empty 
it is much reduced in diameter with several infoldings in the wall. The following 
histological layers can be distinguished : (1) an enveloping membrane of connective 
tissue, (2) two layers of muscle fibres, (2) a single layer of epithelial cells resting 
on a basement membrane, and (4) a thin layer of chitinous intima lining the epithe- 
lium continuous with the chitin of the external body wall. 

The foregut can be differentiated into fivo regions, viz., pharynx, oesophagus, 
crop, oeso])hageal valve and anterior interstitial ring (Jh^rda’s generative region or 
Hiifnagel’s anterior imaginal ring). The oesophageal valve is the conspicuous 
double layered fold whi(‘h the oesophagus forms at its junction with the midgut 
(Fig. 8). Between the pf>sterior fold of this valve and the midgiit e])ithelium there 
is a ring of very small rapidly proliferating cells called the anterior interstitial ring. 
Immediately anterior to the oesophageal fold the foregut dilates to form the crop 
which tapers anteriorly into a Jiarrow tube of which the posterior half is the 
oesophagus and the anterior half the pharynx which continues into tho mouth 
cavity. 


(I) Pharynx 

The ])harynx (Fig, 1) is confined to the head region. Its posterior limit is 
defined by the attachment of posterior dilator rnuscjles to its wall. In longitudinal 
sections (Fig. 4) this limit can also be detected by the sudden thic^kening of the 
intima at the commencement of the oesophagus. I’hroughout its length tho 
epithelial lining is thrown into a number of folds projecting into the lumen of 
the gut (Fig. 2). The epithelial layer seems to form a thin sym^itium, the margins 
of the individual cells are indistinguishable from each other. Tho presence of 
prominent nm^lei in tho epithelium at cerUun places (;auses the surface to bulge out. 
Tho (4iitinous intima lining tho epithelial layer internally is very ])rominent but 
is not provided with bristles as observed by Henson (1921) in Vanessa. 


Cr. Mbb. Col. 



Alimentary canal of the larva showing gross anatomy (diagrammatic). 

An.y Anus; Col., Colon; Cr., Crop; Mts., Mesontoron; Oe^., Oesophagus; Ph., Pharynx; 

Ptc., Rectum. 

(2) Oesophagus 

It extends from the posterior end of the pharynx beyond the level of the 
attachment of tho dilator muscles and continues beyond the level of dorsal margin 
of the head capsule (Fig. 1). Its posterior limit is marked by the absence of 
longitudinal foldings of the epithelium and by the increased width of the lumen 
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(Fig. 5). Tho opitheliimi in niniilar to that of the pharynx but the chitinoiis intirna 
of the oesophaguH in thicker arid bears backwardly directed spines (Fig. 3). The 


M] 




0 2 mm. 


0 2 mm. 




V- ■ 


(/•3 mm. 


0’2 mm 


0^3 mm. 


Fig. 2, T.S. Pharynx; Fig. 3, T.S. oesoi)hagus; Fig. 4, L.S. through pharynx and 
oosopiiagus. Fig. 5, L.S. t Juough ot*soj>hugiis and ciop; Fig. 0, T.S. crop; Fig. T.S. 
oosopliagoal vah c. Ab.F., Abaxial fold: Ad.F.y Adaxil folcj; C.M., Circular muscles; 
CV., Crop; Fpi., Epitliolium; //?., Intirna; L.Af., Longitudianal muscles; Oejf* 
Oesopliagus; Fh., Pharvmx; F., Valve. 
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epitlielium is thrown into six longitiulinal folds wliich aro all oiiiially well developed. 
Both longitudinal and c*ireular musc*h;s are well developed but tlie former are 
discontinuous and form several longitudinal bands separate from one anotiior. 

(3) CWop 

It is the largest re.gion of the foregut and is in the form of a pear-shaped 
sac situated in the pro- and mesolhoraeic segments (Fig. 1). Its thin epithelial 
wall is formed of large flattoruHl cells with their margins merged with oac^h other 
(Fig. i\). The nuclei are (piite distinct but are smaller than those of tlie pharynx 
and the oesophagus. The (jhitinous intima is very tliin and possesses a few fine 
bristles. The epithelium is not prodin^ed into folds whic-h are cpiite cons[)icuous 
in the pliarynx and the oesophagus. Like (Henson, 19)U), the midgut 

comes much further forward on the ventral side than on tlie dorsal sid(e Hence 
the crop is attached oblicjuely to the anterior end of the midgnt. 

(I) Oesophtmml Vdlvc 

In this n'gion the oesophagus is invaginatcvl into 1 fuj Innum of the inidgut 
(Fig. 7) and in a L.S. (Fig. 8) it appears to hang down in the form of a double 
walled pocket-like fold. A blood sinus fills the fold of th(^ valvcn The structure 
of the wall of the fold resembles that of the wsophagus proper, ddie epithelial 
layer and the (diitinoiis intima investing it from within (continue in the walls of 
the fold. Tlu^ intima is smooth and is neither provided with spines nor is it 
thickened to form a cons])icnous annular ring on the ]K>storior edge of the invagi- 
nation, The sinus contains blood which is Siam in the form of reticular mass in 
the sections. Because of the absence of any restraining (;ords or muscles the 
oesophageal valve in this insetd. seems ineirnuent to servo as a press for the peritro- 
phie membrane. 

(5) Anterior InterMitial Uincf 

In between the abaxial fold of the (>e>sophageal valve and the midgut epithe- 
lium is a small [)art of the gut wall (Fig. 8) showing a layer of small nuclei. This 
forms the interstitial region. The walls limiting the boundaries of the (joUh in this 
region are not perceptible. There is a cliitinous intima lining the layer from within, 
which is continuous with the lay(‘.r of intima over the oesojdiageal valve and the 
foregut. It is thus clear that this region forms a jiart of the stomodaeum. A 
few cells at the extreme anterior end of the migdut also can not bo easily distin- 
guished in shape and form from the colls of the interstitial region. 


2. The Midgut 

It exiorids from the mesothoracic^ segment to the sixth or the middle of the 
seventh abdominal segment (Fig. 1). Unlike the foregut the midgut is an undif- 
ferentiated tube of uniform diameter throughout its length. It is formed of the 
following layers: (1) An enveloping membrane of connective tissues, (2) two 
layers of muscle fibres, (8) a single layer of midgut epithelial cells resting on a 
basement membrane, anrl (4) the peri trophic membrane. 

At both the anterior and the posterior limits of the midgut the epithelial cells 
become gradually smaller in size (Figs. 8 and 13) till they roach the normal 
dimensions of the cells of the anterior and the posterior interstitial rings respectively. 
It is therefore not possible to determine the anterior and jiostorior limits of the 
midgut epithelium. It has been suggested that these transitory cells have arisen 
from the cells of the interstitial rings. Despite the transitory colls, the anterior 
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limit of the midgiit is indicated clearly by the abrupt discontinuance of the thick 
musculature of the foregut. 

The rnuHculature of the inidgut has essentially the same character throughout 
its length. It consists of an outer layer of longitudinal muscle fibres and an inner 
layer of circular fibres (Fig, 12). I'he longitudinal muscle fibres are quite numerous 
and tli(i di.stanc(5 between them varies with the ago and also the degree of relaxation 
or distention of the gut. On the whole, the muscular coat is quite thin as 
compared to tliat of th(^ fore and the hindgut. 

(1) Mid gut Epithfditnn 

The singl<^ laycu* of midgut e])ithelium (Fig. 12) whitih rests on a (u>ns])icuous 
basfunent memhrari<^ consists of tliree types of cells viz., (a) the ordinary (‘olumnar 
or (;ylindrical cells c(>nstitiiting the majority, (b) the calciform or goblet cells lying 
sc^attenMl in betwcAon the columnar cells, and (.3) a few intorestitial or regenerativt) 
cells which li(^ sciatfered singly or in groups at the basses of the former two types. 

InterHtitial (^dls (Pig. 1 2). Two tyj)es of digestiv e cells originate from the 
rogenorative or interstitial cells. Tlucse (-ells cither occur in groups called nidi or 
are scattered singly all over tJu^ base of midgut epithelium. They are generally 
very small but variable in siz(^ roughly triangular, with prominent nuclei and 
often with indistinct cell walls. They are cov'ered over by tall columnar and 
goblet (rolls. 

Cohnnnar fV//.v (Fig. 12). The large columnar cells outnumber other types 
of cells in the midgut (q)ithelium. Their dimension depends on the stage of deve- 
lopment and on the degree of the contraertion and relaxation of the gut wall. 
These (m^IIs possess an internal 'striated border' of variable height which is highest 
in the antcu'ior part of the midgut where the cells are taller than the j)osterior part . 
The striated border may be regarded to increase the (;ell surface for these aertivities . 
It may as w(rll serve to dis(!harge the secretion more uniformly. These cells have 
distirud/ lateral walls and their basses rest on a thin basement membrane. The 
cytoplasm is <^l(^ar and finely granular. The nucleus which occupies a central place 
is prominent and is somewhat ovoidal in shape. In the distal ends of many full 
sized columnar cells are observed some globular or vesicular protrusions which 
appear arising from the lumen ends of the cells and are particularly abundant in 
the older larvacc Sm^h jirotrusions are never ol>served in smaller or newly formed 
columnar c^ells. These globules are sometimes i^lear but are often partially or 
completely filled with a granular substance which stains much like the cytoplasm 
of the cell. The vesich^s are often regarded as secretory globules but the evidence 
here clearly indicates that they are nothing but cell disintegration products and 
are not secretory in function. 

Goblet Cells (Fig. 12). These (^ells have more or less the same form as the 
columnar cells but the upper half of each is occupied by a typical globlet duo to 
which they are usually expanded in their middle part. Occasionally the goblet 
opens at the distal end of the cells. The cavities of the goblets appear clear and 
their lining is much like the striated border of the columnar cells. Their morpho- 
logical nature strongly suggests that they may be the invaginations of the distal 
cell surfaces of the (Ordinary columnar cells. The size of the goblet is very variable 
in different cells and depends on the stage of their development. Due to the 
presence of the goblet the cytoplasm is accumulated at the basal region of the 
cell which also accommodates the nucleus. 

(2) Activities of the Midgut Epithelium 

The midgut epithelium is concerned with secretion and absorption and shows 
degeneration and regeneration of cells during or following secretion and the dis- 
integration of the epithelium at the commencement of the metamorphosis. Since 
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these phenoiuenoii are repeated uniformly in each instar, the observations were 
taken in the various developmental stages of the third instar larvae only. 

In the very early third instar larvae (Fig. 9) i.o. immediately after the second 
moulting the interstitial cells are large in number and situated separately or in 
grou])s. All stages of development from small interstitial cells to the normal 
sized columnar cells are observable. Some of the interstitial cells are as tall as 


A.I.R- vMes. 




Fig. 8, L.S. through the oesophageal valve; Fig. 9, T.S. midgut of early third instar 
larva; Fig. 10, T.S. midgut of third instar larva of a little later stage; Fig. 11, T.S. mid- 
gut of the late third instar larva; Fig. 12, T.S. midgut of fourth instar larva. 

AJJi.y Anterior interstitial ring; Clm., Columnar cell; Circular muscles; Or. Crop; 

Olo.y Globular extrusions; Oob., Goblet cell; In., Intima; Ini., Interstitial cell; L.M*, Longi- 
tudinal muscles; Mea., Mesenteron; Oea.V,, Oesophageal valve; P.M. Peritrophic mem- 
brane; Striated border. 
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tfao columnar cella with their cytoplasm strongly stainablo. Those which are 
only partially developed are narrow and possess a comparatively large nuclei. 
The goblet colls arc all of uniform size. 

In the middle aged third instar larvae (Fig. 10) the interstitial cells are fewer 
while the normal sized (-olurnnar colls are comparatively more numerous, d'hcso 
normal sized columnar cells are surroundod by many smaller ones which vary in 
size. The smaller cells obviously represent stages in the dev^elopmeiit of columnar 
cells and when fully dev^eloped will form the tyjucal normal sized columnar cells. 
A few slightly taller cells also contain a small goblet and the total number of goblet 
cells is larger than the number found in tlie early thin! instar of the larvae, d'lie 
prestjnce of goblet cells of varying sizes also indicates that they have been recently 
formed. There appears to bo no clear diflerence between the devtdoping cells 
destined to form the coluuniar cells or the goblet cells. The fate of the newly 
formed cells is unpredictable until the appearance of a tiny goblet which distin- 
guishes them from the (jolurnnar (;ells. 

In the late third instar larvae (Fig. 11) i.e. just before the next ecdysis the 
e[)ithelium possesses a large number of normal sized columnar and goblet (a>lls . 
The number of interstitial cells is also larger. Although mitotif; figures could not 
be observed, it is evidoiit that the number is increased by the mitotic multiplication 
of the interstitial cells. Another noteworthy feature is the presence of a large 
number of globular protrusions or vesicles arising from the lumen ends of some 
of the older and normal sized columnar cells. These vesicles are attac^hed to largi^r 
(jells, parti(jularly those which are far removed from the nests of interstitial colls 
and have been regarded by some early workers to be secretory in nature. J3ut 
in view of the fact that they invariably appear in the midgut of the late instar of 
the larvae and arise only from older columnar cells they seem to be cell disintegra- 
tion products. Had they been secretory in functtion they would have betui more 
abundant in thc^ gut of the early third instar of the larva when it feeds more actively 
than before the ecdysis. 

(3) The Peritro^Mc Membrane 

It is in the form of a thin transparent membrane (Fig. 8) surrounding the 
food contents in the lumen of the midgut. The whole of the mcunbrane can be 
taken out along with the food contents which it envelops bringing with it a torn 
portion of the niidgut cells of the anterior region. Close examination of the trans- 
verse and the longitudinal sections of the midgut reveals the total absence of any 
reinforcement of the membrane from the general surface of the midgut epithelium. 
Moreover, except for the anterior region where it is closely attached to the cells 
producing it, there is a defitiite space between the epithelium and the peritrophic 
membrane. This space is filled with scattered granular material. Hence it appears 
to bo formed only by the cells of the anterior end of the midgut. The distance 
between the wall of the oesophageal valve and the inidgut epithelium is many 
times greater than the thickness of this membrane. Hence there is no possibility 
of the valve working as a press to mould the peritrophic membrane as suggested 
by Wigglesworth (1930). 


3. The Hihdgut 

The hindgut extends from the posterior end of the midgut to the anus (Fig 1). 
The layers of tissues in the hindgut are, (1) an enveloping membrane of connective 
tissue, (2) layers of muscle fibres, (3) a single layer of epithelium resting on basement 
membrane, and (4) a chitinous intima lining the epithelium internally. Six distinct 
regions can be recognized in the hindgut, viz. posterior interstitial ring, ileum, 
anterior sphincter region, colon, posterior sphincter region and rectum. 
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( 1 ) Posterior Interstitial Ring 

This region (Fig. 13) corresponds to the anterior iiiterstitial ring of the forogut 
and is in the form of a double fold projecting into the lumen of the gut with both 
the muscular layers present. The cells of the ring are well defined but laek definite 
boundaries. The nuclei, which form a single row, are (piite prominent and numerous. 
The chitinous intima lining the cells shows that they belong to the proetodeal 
regions. Henson (1931) in Fftwe.s'sa found numerous transverse rows of fine bristles 
on the posterior layer of the intima. No such bristles could be detected in the 
insect under study. 

(2) Ileum 

Lying between tlio posterior interstitial ring and the anterior sphincter region 
is the funnel-like ileum. Its epithelium (Fig, 14) consists of a layer of large fiat 
colls. The walls separating the cells are quite indistinct but the niicloi are easily 
visible. The cells in the anterior part of the ileum are larger and possess more 
distinct boundaries. The intima lining the epithelial cells of this region is quite 
smooth and uniform. The musculature consits of an inner layer of circular fibres 
which are covered over by an outer layer of longitudinal fibres. 



Fig. 13, L.S. through the junction of midgut and hindgut; Fig. 14, T.S. ileum; Fig. 15, 
T.S. anterior sphincter region; Fig. 16, T.S. colon. 

(7.M., Circular muscles; Epi,, Epithelium; 11., Ileum; In., Intima; L.M., Longitudinal 
muscles; Mes., Meaonteron; P.I.R., Posterior interstitial ring. 
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(3) The Anterior {Sphincter Region 

Between the ileum and the colon is the tube-like anterior sphincter region. 
This region (Fig. 15) becomes promirient because of having very well developed 
musculature. The circular muscles are very strongly developed. The epithelial 
cells possess large prominent nuclei but are not provided with distim^t cell boun- 
daries. The wail of the e{>ithelium is thrown into deep longitudinal folds. 



L.V.S. through rectum and fiscal chamber. 

yin., Anus; A.Rec.^ Anterior rectum; J5.1V., Body wall; C.M., Circular muscles; Epi., 
Epitlielum; In,, Intima; Mal.T.^ Malpighian tubule; MenU)., Membranes forming the 
fiscal chamber; P.Rec., Posterior rectum. 


(4) The Colon 

It is a distinct globular structure lying between the anterior and the posterior 
sphincter regions (Fig. 1). The epithelium (Fig. 16) is well defined with large flat 
cells possessing prominent and deeply staining nuclei. The cells are not provided 
with distinct boundary lines. The wall of the colon is thrown into several longi- 
tudinal folds. The intima is smooth and thin and is not provided with bristles. 
The muscle system is much reduced and only the circular muscles are present. 
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(5) The Posterior Sphincter Region 

Lying in between the colon and the rectum is the posterior sphincter 
region w^hioh is provided with strongly developed circular muscles. The epi- 
thelial wall is thrown into deep longitudinal folds. The cells have largo and 
deeply staining nuclei and indistinct boundary walls, thus j)re8enting a syncy- 
tial appearance. The intima is smooth and well dovokped. The posterior 
sphincter region is feebly developed in comparison with the anterior sphincter 
region. 

( 6 ) The Rectum 

The rectum (Fig. 17) is difforenciated into two parts — the anterior rectum 
and the posterior rectum. 

The anterior rectum consists of the first half of the globular chamber. Its 
epithelium consists of very large flattened cells which possess largo and deeply 
staining nuclei. The intima is smooth and is much similar to that of the colon. 
Surrounding the entire region of the anterior rectum are two thin membranes of 
squamous epithelium. The malpighian vessels lie in the space between the epithe- 
lium and the membranes. 

The posterior rectum joins tlie anterior rectum obliquely and continues to 
the anus of the larva. The whole of the posterior rectum appears funnel shaped 
in the longitudinal sections and triangular in the transverse sections. The 
epithelial cells conif^rising the posterior rectum are smaller. The intima is smooth 
and possesses no bristles. The anterior margin of the posterior rectum is marked 
by the origin of the two membranes (Fig. 17) of the fiscal chambers which 
envelop tlie anterior rectum. 


Discussion 


(1) Oesophageal Valve 

Wigglesworth (1930) in Cheimahacche fegella, Ephestia kuhniella and Sitoiroga 
cerealella, Henson (19.31) in Va7ies^sa and several others in various Lopidoptora 
have described the oesophageal valve to be hanging down in the midgut as a 
delicate curtain and not provided with blood sinus. The oesophageal valve in 
L. orbonalis is provided with a blood sinus which has so far not been reported 
in any other Lopidoptora except in lo irene (Bordas, 1911). In the insect under 
study the oesophageal epithelium is continued over the folds as also observed by 
Henson (1981) in Vanessa. The cells of the oesophageal valve are similar to those 
of oesophagus and are lined with chitinous intima which is neither provided with 
spines nor is thickened to form a conspicuous ring and is thus unlike those described 
by Wigglesworth (1980) in Diptera and Hymerioptera. 

Henson (1931) felt that in Vanessa this structure is inefficient as a valve because 
it is not provided with restraining cords and also because it is incomplete like a 
split cylinder, being absent in the midventral line. He regards it as a mere guide 
for leading the food in the midgut. Wigglesworth (1930) however regards that 
in those Lepidoptera in which it is not provided with a sinus, the fold of the 
oesophageal valve serves to press the peritrophic membrane against the midgut 
epithelial cells producing it because in normal state the gut of the larva remains 
distended, whereas in those larvae in which a blood sinus is present the condition 
is similar to that of tenthredinid larva and the sinus itself gets distended to work 
as an efficient press. He stressed the hypothesis that the function of the invagi- 
nation is to permit the peritrophic membrane to arise anteriorly to the point of 
entry of the food into the gut. Moreover, he believed that the peritrophic 
membrane is pressed between the invagination and the midgut epithelium. This 
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may well ho tnio, for examplo, in Diptora and in Dorniaptora where there is a 
conspiinipiirt annular ring on the {K)sterior edge of th(^ invagination whieh might 
aet as a press. But it certainly does not appear to he the ease in L. orhojialis in 
which no such ring is ])resont anri the distance hetween the oesophageal invagi- 
nation and tlie rnidgut ey)itheliuni is many times the thickness of the f)eritrophic 
memhrane. Moreover, the invaginated organ must undergo tlie nornial writhing 
movements which would render it unsuitahle to act as a press. It. tlierefore, 
ap})ears reasonat)le to helieve that the oeso{)hageal valve in L. orhonali^ is not 
lik(ily to function as an efficient press mechanism. Monjowr. like- Wenexm it is 
incom])let(i and without cords ; tiem^e it (!annot work as a valve* also. Cewtainly 
some other function must he ascribed to the oesoy)hageal invagination. A fuindion, 
and an important one, of the crop is to get dilated with air during moulting to 
enlarge the (aiticle before hardcuiing occairs. A study of the crop in moulting 
insecds r(;veals tliat it is the main organ distended with air and that thtne must 
be an effective meclianism to prevent this air from f)assing into the midgut. The 
oes(>[)hageal invagination appears to serve this purpose. 

(2) Muhjut Epithdlnrn 

The presence of three different kinds of cells, viz., interestial, columnar and 
goblet brings up the qu(‘stion of their morphological relationship with one another. 

There is no doubt that the interstitial cells are really om>)ryonic rudiinents 
and the larger numbers in whicdi they are produ(*ed at each larval ec^dysis c1(uirly 
suggests that their primary fiuudion is to increase tlie number of the goblet and 
the columnar cells. Their regenerative function has lanni esfablislKul })y Htuison 
(1929) in Vd'ne.ssa, Yung Tai (1929a) in (hilleria and Woke (1911) in Prndenia. Tn 
L, orhoiialis also it has t)een found that in the early third instar larva th(‘rc an* 
a largo niUTiber of interstitial cells which soon differentiate into the columnar and 
the goblet cells. Although multiplication by mitosis (ould not be difinitely o})served 
but their a{)pearanco in very largo numbers is evidently by mitotic division of the 
originally existing interstitial colls. 

Regarding the morphological relationshiy) of the coluninar and the goblet 
colls some early workers notat)ly Shinoda (1927) and Ibichmann (1928) concluded 
that the two forms are homologous. Shinoda regarded tfie different forms of cells 
as functional variations of the same type and y)Ostulated that tlie function of the 
columnar cells is both secretory and absorptive Avliile the goblet cells are developed 
from the columnar ones when the latter have emitted secretion. Vignon (1901), 
however, felt that the go})let cells are not a ydiase in the develoyjment of the 
columnar cells. Henson (1929), Tung Tai (19296) and Woke (1941) believed that 
both the types of cells are y)resent at the time of hatching and that they are 
distinctly different kinds of functional epithelial cells. They regarded them to 
be dimory)hous. Yung Tai found that they are differentiated even in the embryo 
and that they are generated sey)arately from the interstitial cells. Observations 
in L. orhonalis indi(‘ate that both the tyyies of cells are dimorphous. 

The question arises about the respective functions of the two kinds of cells. 
Notable among the early workers was Van Gehuchten (1890) who reganh^d that 
the functions of secretion and absory^tion are carried out by two sets of cells. 
Yung Tai (1929), on the other hand, postulated that the goblet cells of the larval 
epithelium of Galleria are exclusively secretory while the columnar cells may be 
either secretory or absorptive in function, though the same individual cells do not 
function in both the capacities. Woke (1941) bedieved that in Prodevia. the 
columnar cells are both secretory and absorptive in function while the goblet cells 
may he only secretory. He feeds that the cavities of the goblet cells may satis- 
factorily fum tion as reservoirs of secretions so that it may readily reach the lumen 
through a narrow opening at its* lumen end. Tn most of the insects, however, 
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the goblet colls are absent and both the functions of secretion and absorption 
are performed by tlie epithelial (jells which very much resemble the ordinary 
columnar cells of the lepidopterous larvae. Hence, it appears /easonablo to believe 
that the (columnar cells of the larval Lepidoptera are also capable for both absorp- 
tion and secretion. Although nothing can be dolinit(?ly said about the possible 
role of the goblet (jells, their morphological structure indicates that they are n\ore 
suited for the pur])ose of secretion only, particularly because their surface which 
may be the only place for carrying on absorption is tucked inwards and does not 
come in direct contact with the food present in the linnen. 

iVt the dist al ends of many full sized and old columnar cells, globular protrusions 
or \ esi(‘les are ol>S(jrved. Van Gehuchten (1890), lh)rdas (1911) and Shinoda (1927) 
regarded these structures as secretion vesi(jles. 'Phis view^ was disagreed to by 
Pavlovksy and Zarin (1922) who believed that they are nothing monj than artifacts. 
Henson (1929) proved that these vesicles are cell disintegration ])roducts. Yung Tai 
(1929) made a similar suggestion. This vie^v has subsequently been shared by Woke 
(1941) wlu) considered th(j globular protrusions as evidences of approaching 
metamorphosis. Day and Powning (1949) on the basis of both histological ancl 
physiological studies on Blatla show^ed that the presence of these vesicles has no 
ndationship wnth tlie <*oncentration (d' enzymes in the midgut. It has been noted 
in L, orhonalis that the globular vesicles are not present throughout the larv^al 
])eTi()d but mak(j their ap])earanco during the late third instar larvae. Normally 
the larv ae fecjd activ cjly soon after the ocjdysis and stop feeding in the latter part 
of eacjh ii\star i.e. just before the moulting. Hence if the globules are regarded 
to be secretory tiujir formation should be continuous all along the larval life and 
tlujir number should be particularly abundant when the insect is acjtivoly feeding 
i.e. in the cjarly part of each instar. But such is not tlie case. Besides this, it 
has been observed that the globides arise invariably from the older cells. It also 
indi(jates that they represent cell disintegration products and are not in anyway 
related to the process of secretion. 

(3) Peritrophic Membrane 

The literature on the ])eri trophic membrane of insects is very extensive and 
contr()v(jrsial. MiujIi confusion prevails because of a commonly held view that 
the cells of the midgut cannot secrete chitinous membrane. Bordas (1911) 
concluded that the peritrophic membrane is formed by the secretion of a deeply 
staining ‘ring of small cells’ at the base of the oesophageal valve. But he does 
not slate \\heth(jr these (jells belong to the foregut or the midgut. Henson (1931) 
showed that this ring Ix^longs to the foregut but he argued that this region of 
foregut is lined with (jhitinous intima and therefore cannot be expected to secrete 
two different ty])es of lining for the foregut and the midgut at the same time. He 
coiKjluded that the entire peritr(3phic membrane is secreted by midgut cells. Soon 
after, Grambell (1933) and Butt (1934) postulated that the cells of the anterior 
end of the midgut arise from stomodaeurn and are, therefore, capable of producing 
chitinous peritrophic membrane. Most of the workers, viz., Van Gehuchten (1890), 
Vignon (1901), Pavlovksy and Zarin (1922), Snodgrass (1925), Wigglosworth (1930), 
Henson (1931) and several others have shown that the midgut cells as such, although 
derived from mesenteron, can secrete chitin and it is not necessary for the cells 
to have stomodaeal origin to be able to secrete peritrophic membrane. In 
L. orhonalis also it has been found that the peritrophic membrane is produced by 
the raidgut epithelium. Now two modes of the formation of peritrophic membrane 
have been described. In some insects, it is a tough tube consisting of one or more 
layers and is produced mainly by the anterior end of the midgiit. In others it 
consists of a large number of thin layers which arise by the successive delaminations 
from the entire surface of the midgut epithelium. Snodgrass (1925) showed that 
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ill horioy fieo tho multilayered membrario is formed of layers produced by both 
the methods. He described tho existence of a number of connections between the 
membrane and tho rnidgut epithelium which act as reinforcements. Henson (1931) 
indicated that although the poritrojihic membrane in Vanemi is formed by the 
secretion of the cells of the anterior midgut it may also be reinforced by the 
secretion from the cells of the midgut along the whole of its length. Van Gehuchten 
(1890) observed that in Ptychoptera the colls of only the anterior end of the inidgiit 
secrete the mernbraruj. Viguon (1901), on the other hand, regarded that in Bombyx 
mori tho poritrophic- membrane is formed by dolamination from the entire surface 
of the midgiit ejiithelium. It has been shown in L. orbonalis that the membrane 
is secreted by the midgut cells localized in its anterior region and is not reinforced 
from tho rest of the midgut colls a.s in Vane.sm (Henson, 1931) or honey bee 
(Snodgrass, 1925). In tho insect under study tho membrane is separated from 
the midgut epithelium by a (^lear space ex(‘ept at anterior end of the rnidgut where 
it is in intimate contact with the (jells producing it. No other connection was 
observed Ixdween th(^ membrane and the rest of general surfacjo of tho rnidgut. 
In fact, vvhenevt^r the Tuembrane is pulled out it brings with it some portions of 
the anterior n^gion of the rnidgut epithelium which is clearly suggestive of tho 
fact that the (jells so torn give rise to tho membrane. 
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Abstract 


Tlirro interesting fomiH of the family Zygnomaooao viz. ZyunBrna czurdae Kandh., Zygo- 
qouinni kinnaoenBe Knndli., Z. t.nlr/K ppeiisB Tyoiigar aro rn}>ort/oH horo. A poeiiliarity in t)io 
lat ernl eonjiigat.iori of hy tlu^ fot'ination of conjugation tulH3H and tho for- 

mation of azygosf lOi'oH aro (h'seriiaai. 


T'lio ol)joct of this paper is to report three interesting forms of the Zygnemaoeae 
from Soiitli India. Zygnema czvrdac. Randh. was collo(;ted by T)r. M. S. RancUiawa 
from Pennar river, near Anantapur, Andhra Kt ate on August 15, 1958. Tho other 
two forms, \iz. Zygogoninm, kumaocPnse, Randli. and Z. tal(juj)pcnHe lyong. were 
colloetod by Dr. K. M. Aiya])pa from Vote(M>]li range, Wc^stern Ghats, Coorg, fluring 
August — Novem])er, 1958. The specdnions collected during August — September 
were infertile, while fertile material of both these forms was obtained in November, 
1958. 

1. Zygnema czxirdae Randhawa 1936. Proc. Indian Acad. Sci. B, 4(3); 239- 
241, figs. i~7 ; Randhawa, Proc. Indian Acad. Sci., B, 1938, 8(3) : 137-138, fig. 22. 

Vegetative cells are 19-22.8 broad and l| to 4 times as long. Each cell has 
a pair of more or less rounded chloroplasts with a conspicuous pyrenoid 
in each. Both scalariform and lateral (conjugation take ])lace as in tho type. 
However, the predominant mode of conjugatioir is lateral. 

Scalariform conjugation : Some filaments show the normal type of scalari- 
form conjugation with globose zygospores in the conjugation canal which becomes 
slightly distended (Text-fig. 1). 

Lateral conjugation : The neighbouring cells give out small tent-liko projec- 
tion (Text-fig. 2). Tho protoplasts move towards the tip of the protuberances, 
the cross wall separating tho two gametes ruptures and the protoplasts fuse (Text- 
fig. 3). The four chloroplasts are clearly visible in the zygospore (Text-fig 4, 
and 5). Tho zygospore is oval to reniforrn in shape, 26.6-38 fi in diameter and 
fills the whole of the conjugation canal area. The rupturing of tho flattened basal 
part of tho conjugating cells as soon in the type, was, however, not observed. 

In the lateral conjugation, some peculiarity was observed in some cases, where 
tho neighbouring cells give out tent-liko protuberances which grow out into distinct 
conjugation tubes (Test-figs. 6 and 7). Very rarely signs of incipient physiological 
anisogamy were observed. In such cases, tho protoplast of one cell appeared to 
be more active and the zygospore was formed towards the female cell (Text-fig.8). 
Azygospores were also seen in some filaments. The protoplast from each cell, 
instead of fusing, formed two azygospores (Text-fig. 9, a). 

Habitat : Free-floating in Pennar river, near Anantapur, Andhra State, August 
15, 1958. 

2. Zygogonium kumaoense Randhawa 1940. J. India Bot. Soc., 19 (6 and 
6) : 247-249, figs. 1-11. 

' Vegetative c^lls are 9.5-11.4 /4 broad and 30.4-57 long. The cell wall is 
thick and refractive and almost every coll produces a rhizoid which is either one 
or two celled (Text-fig. 10). The ohloroplast is ill-defined and appears like strands 
with two to four swellings. 
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Zuanema I'ziirdae Rnnclh. Toxt-flg. 1. scHlariform conjugation; Text-figs, 2-5, lateral 
coningatitm (fig. •'), top view of tho zygospore); Text-figs. 6-8, abnormal type of lateral 
conjugation by the formation of conjugation tubes; Text-fig. 8. Zygospore formed towards 
the female cell; Toxt-fig. 9. Azygospore (a). 




ZYONEMAOBAB FftOM SOUTH INDIA 


203 



^ygogonium kumaoense Randh. Tfivf.firr ia a 

^xt-figg. 11-14, aplanosporeg in various positions • ’ showing rhizoids 

Iyengar, Text-fig. 15, vegetative oella with nhinm i 4 -^*m ^yffogontum kilguppens^ 
filament with azyiospores. ohloroplasts; Toxt-fig. 16. portion ^ the 
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The reproduction is exclusively by aplanospores which are globose to ovoid, 
9.3-10.3.// broad, 11.4-15.2 // long and are not cut off by any wall from the apla- 
nosporangia. During the aplanospore formation, only a portion of the protoplast 
is utilisoil anfl protoplasmic remains are always left behind in the coll. The apla- 
nosporos are formofl at the ends of the colts or somotimos at the tip of the rhi- 
zokis (Toxt-figs. 11-13). Occasionally the aplanospores of the adjacent cells are 
grouped in pairs on either side of the cross wall (Text-fig. 14). Very rarely, the 
aplanospores are also found outside the colls in the form of large swellings (Text- 
fig. 13). The spore wall is thick and faintly lamollated. 

Habitat : On red loam soil on hill slopes along with Zygogonium tulguppense 
Iyengar and Z. ericetorum Kiitz., Votecolli range, W^estem Ghats, Coorg, August- 
Novembor, 1958. 

3. Zygogonium talguppense Iyengar 1932. Rev. Algol., 6 : 263-267, fig. 1, a-d. 

Vegetative colls 15.2-19.0 // broad and 26.6-95 (-121.6) p long. Each cell 
has a single axilo ohioroplast consisting of two rounded portions, each containing 
a pyrenoid (Toxt-fig. 15). 

ReprodiKition is by azygosporos. During the azygospore formation, the 
sporangium shows a slight swelling on one side into which most of the cell contents 
with the chloroplast and the nucleus pass, leaving behind a small portion of the 
proto[)last. A curved wall is then formed cutting off the bulged portion as a lens- 
shaped cell (Text-lig. 16). The azygosporos are ellipsoid to globose, 11.4-13.3 p 
broad and 13.3-15.2 y long. In some cases, the azygos])oros of the adjacent 
sporangia are grouped in pairs oji either side of the cross wall. 

Habitat : On red loam soil on hill slopes along with Zygogoni'U7H ericetorum 
Kiitz. and Z. kurmoense Randhawa, Votecolli range, Western Ghats, Coorg, 
August-Novernbor, 1958. 
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Abstract 

The paper deals with the functional niorpliology and histology of tlie intogurnontary 
modifications of Garra mullytt (Sykes). 

The adhesive apparatus consists of the modified lips, menlum and paired fins, which 
enable tlio fish to ahdoro to substratum in torrential streams. The histology of these parts 
along with that of the snout and thorax has boon dealt with in dtdail. 

Adhesion is performed suctorially by tlio callous portion of the discr. The lips, tuber- 
culated border of the disc and the paired fins act as frictional tlovice to pri'vent skidding, while 
tlie snout and tiiorax play only a secondary role in adhesion, 'fhe fumd ional role of these 
organs has been attributed on the basis of their morphology imd liistology. 

Due to the absence of any muscle in the tuberculated bordi'r, tlie })ro(Mjss of attachment 
to the substratum and detachn\ont from it, ai>pears to be under some reflex eontrol. 

Introduction 

The present paper deiils with the adhesive modifications of tlie integument 
of a hill-stream cyprinid fish Garra mvllya (Sykes) wiiich belongs to the genus Garra, 
sub-family Cyprininae and family Cyprinidae. Genus Garra enjoys a wide distri- 
bution in Asia and Africa. However, the species Garra> mullya, (»Sykes) is limited 
to the hills of peninsular India, Satpura Vindhya mountains and the (Jhota Nagpur 
Plateau. 

One of the earliest papers on the torrential fishes of Intlia was “Evolution 
of the adhesive apparatus in the hill-stream fishes” by Annandale (1919). Hora 
(1921 and 1922) described the systcmatics of the genus Garra, and gavt; a compara- 
tive account of the structural and histological modifications in a few (!!yprinoid 
and Siluroid hi 11- stream fishes ; Garra anmindalei and Glyptothorax species were 
dealt with in detail, Hora (1952) also reported on the food and feeding habits 
of Garra rnullya (Sykes). Rauther (1928) published a paper on the histology of 
mouth parts of two species of Discognathus (^ Garra) emphasising tlndr hill-stream 
adaptations. Wu and Liu (1940) described the “Adhesive Ajiparalus” of a Chinese 
Siluroid fish Glyptothorax, Bimla Bhatia (1950) gave an account of the epidermal 
adaptive modifications in Glyptothorax Udehitta. 

The material for investigation was sent in 1950 to the department of Zoology, 
University of Delhi, by the late Dr. S. L. Hora, Director, Zoological Survey of 
India. It was originally collected in 1948 from the shallow rivulets and pools 
of considerably fast currents of Aravalli Range of Rajasthan. Specimens ranging 
from 33 mm. to 90 mm. in standard lengths were fixed in formalin and preserved 
in 70 per cent alcohol. Sections were cut at 5-7/4 and were stained with haematoxy- 
lin-eosin or with Mallory’s triple stain for connective tissue. Frozen sections were 
taken for histochemical detection of fat and silver impregnation for collagen fibres. 
The histological studies are mainly based on the adult specimens: 

Integumentary Modifications 

Gross Anatomy 

The Cyrpinoid fishes found in the hiU-streams of India are represented by 
genera belonging to the families Cyprinidae, Cobitidae, and Homalopteridske. These 
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fishes show a remarkable uniformity in their body contour. Dorsally the body 
is slightly arched, while ventrally the surface from snout to anus is usually flat. 

The snout of Garra midlya is dorso-ventrally compressed, anteriorly rounded, 
smooth and coated with mucus. The mouth is located ventrally at about one 
third distance from the anterior tip. With the shifting of the mouth, the snout 
has extended to a ventral y>osition. Mouth, crescentic in shape, is guarded by 
the heavily tuberculated, protractile anterior and jiosterior lips (Fig. 1). The 
anterior lip is more protractile than the posterior and has swollen corners. The 
posterior lip lies in front of the disc from w hich it is separated by a shallow groove. 
There is a pair each of maxillary and mandibular barbels. 



Ti-:xt-fiu. 1. 

Garra niulhjn (Sykos), Vontral view of hoad and trunk. 
a. l.y anterior lip; ca. p., eallous portion of the disc; ro., swollen corner of the anterior lip; 
(f. o., gill opening; md. b., mainlibular harhel; m,, mouth; mx. 6., maxillary barbel; 
p. pectoral fin; p. posterior lip; p(. 6., postero-lateral tuberculated border of the 
disc; sn,y snout; f^., thorax. 


The disc, present in the mental region, consists of a central circular, smooth 
callous portion with an involuted postero-lateral tuberculated border. The invo- 
luted surface of the border is devoid of tubercles. The tubercles of the lips and 
those on the border of the disc bear microscopic spines. The relative position of 
the mouth-parts with the disc is shown in Fig. 2. 

Qarra midlya has very w^ell developed cycloid scales over its body, but the thorax 
on t he ventral surface is scaleless and smooth. The pectoral and pelvic fins are 
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more ventrally attached to the body. The fin rays are sogniented and branched 
distally. In gross anatomy they do not show any modifications but histology of 
the integument reveals an interesting feature which is described later. 



Text-fio. 2. 

Oarra muUya (Sykes). Longitudinal section of the head showing relative position 
of mouth parts and disc from sjjocimon of 50 mm. standard length. 
a. I,, anterior lip; a. j,, anterior jaw; ad. t., adipose tissue; ca. p., callous portion of the 
disc; ct.f modified connective tissue; in d., involution of the disc; m, 6., muscle bundle; 
p. j., posterior jaw; p. posterior lip; pt. b., postero-lateral tuberculated border of 
the disc; snout; sp., spine. 


Histology 

The Snout 

The epidermis of snout (Fig. 3a), covered by a thin stratum comeum, consists 
mainly of oval, thick- walled epithelial cells, among which are embedded myriads 
of mucus secreting cells. The cells of stratum germinativum are distinct from 
the restj^and are columnar with dense cytoplasm and oval nuclei. In the basal 
epidermal layers are large clavate cells with distinct nuclei and homogenous cyto- 
plasm which stains with difficulty. The dermis is composed of many layers of 
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what scciTis to be adipoHC tissue. A narrow belt of collagen fibres, stratum com- 
jijictuni, cenieiits the ihTiius with the epidermis. To determine the true nature 
of tlie tiHsues of dermis, froziui seetioas were cut and examined. In unstained 
seotionH a yt llow substance that fills u]) spaces gave a j)ositive reaction with Sudan III 
and Sudan Rlack W, thereby confirming the presence of fat. 




Text-fig. 3. 

Oarra mullya (Sykos). a, Longituclinnl section through tlio integument of snout; 6., Transverse 
section thruugtj the tubercle of anterior li}); r. Transverse section tlirough the tubercles of posterior 
lip; d. Transverse section through the tubercle of posterior li}) from 8}3ecim€‘n of 43 mm. standard 
length., a, 6. and o., seetions from specimens of 90 mm. standard length, ad. t., adipose tissue; 
b. V., blood vessel; r. /., collagen fibres; cf., modified connective tissue; cl. c., clavate cell; ep. c., oval 
epithelial colls; 1. ct., loose connective tissue; c., mucous coll; pg.^ c., pigment cell; po. ep., 
polygonal epithelial (^ells; 6. c., sensory cell; ifp., spine; st. c., stratum compactum; si. cr., stratum 
oorneum; st. y., stratum germinativiim. 




HILL-STRBAM CYFBINID FISH OARRA. MULLYA (SYKBS) 


209 


The Anterior Lip 

The anterior lip is densely be^et with tubercles. The stratum corneum extends 
over the tubercles to form spines, which are not present in grooves between the 
adjacent tubercles. Each tubercle (Fig. 3/>), is packed up with polygonal epithe- 
lial cells, having clear cytoplasm and centrally placed big nuclei. The cells of 
stratum germinativum are distinct from the rest of the epithelial cells by their 
columnar appearance, dense cytoplasm and big oval nuclei. Sensory and mucous 
cells in the labial epidermis of young fish (33 mm. standard length), are absent 
in the adult (90 mm. standard lengtli). The epidermis rests on fibrous stratum 
compac tum. Pigment cells are present in between the stratum compactum and 
stratum germinativum. Below the stratum compactum is a distinct zone of 
modified and compactly arranged connective tissue cells, which are knit together 
by collagen fibres. This arrangement of connective tissue is quite peculiar. Under 
this zone lies the loose connective tissue. 

llie Posterior Lip 

The tubercles of the posterior lip, unlike those of the anterior lip, are formed 
both by epideriuis and dermis (Fig. 3c). The epidermis conforms in structure 
to that ol‘ the anterior lip. However, mucous cells are present on the corners of the 
lip, but in young fishes (43 mm. and 50 mm. standard length), the sensory and 
mucous cells are prominent on the tubercles (Fig. 3d). These tubercles are coverexl 
by thin stratum corneum which usually does not form spines. Each cluster of 
sensory cells is supplied with a blood vessel at its base. Dermis consists of loose 
connective tissue supported below by adipose tissue. 

The Disc 

The epidermis of the central callous portion (Fig. 4) extends over the marginal 
tulierculated border. Stratum corneum on the callous portion is thin but it 
V)ccomes thicker over the tubercles, eventually giving rise to spines. A large number 
of mucous (;clls and a few sensory and clavate cells are present on the callous 
portion, while the tuberculated border is devoid of such cells. 

The dermis of the callous portion consists of modified compactly arranged 
connective tissue cells knit together by collagen fibres. Below the modified con- 
nective tissue lie a few adipose tissue cells. In the tuberculated border, the dermis 
consists of strips of collagen fibres that form a pad-like swelling below each tubercle. 
The space between the adjacent strips of collagen fibres is filled with adipose and 
loose connective tissues. In the centre of callous portion is inserted a muscle which 
is attached to urohyal of the branchial skeleton. 

Histological study in serial sections of the disc in young fishes (33 mm., 43 mm, 
an(J 50 mm. standard lengths), reveals that the anteriormost callous portion of 
the disc is devoid of mucous cells but has sensory cells. Towards the centre both 
the sensory and the mucous cells are present, but posteriorly they diminish in 
number. The clavate cells are uniformly present in the epidermis of callous 
portion. 

Dermis of the disc shows gradual modifications with increase in the standard 
length. In a fish of 43 mm. standard length, the whole dermis of the disc consists 
of adipose tissue, with strips of collagen fibres in the tuberculated border (Pig. 5a). 
In fishes of 50 mm. and 72 mm. standard length, the adipose tissue is partly 
replaced by a modified connective tissue in the callous portion and by the collagen 
fibres in tuberculated border. The collagen fibres in a fish of 90 mm. standard 
length become much prominent and extend for a short distance in the dermis of 
the callous portion. 


6 
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The Thorax 

Histological study of the skin of thorax shows the presence of low, narrow, 
longitudinal ridges in the c(aitral portion, the lateral areas bedng devoid of such 
modifications. 

1 he ef)iderfnis of thorax is eornposed of loose epithelial cells. The sensory an^ 
mucous cells li(‘ embedded in tlie epidermis, d'he dermis consists of adipose tissue 
and collagen fibnis. 



Gnrra ynulbia (Sykes), [..oiigit iiUinal soc.lioii (hroiigli the callous portion and tuber- 

oulaled border of the disc from specimen of 1)0 inm. standard length. 

nd, t., adipose tissue; />. r., blood vessel; c. /., collagen fibres; c. p., collagen pad; 

cl. c.l clavate cull; cC, modified connective tissue; 1. c7., loose connective tissue; 

m. b., muscle bundle; tnu. c., mucous cell; po. cp.^ polygonal epithelial cells; s. c., sensory 

coll; .vp., spirits; -st. c., stratum compactum; st. cr., stratum corneiim; st. g.y stratum 

gormiriativum. 

The Paired Fhh^ 

p]pidermis and dermis of the body integument extend over the pectoral and 
the pelvic fins. The modification of integument of the paired fins is mainly asso- 
ciated with the development of spines on the ventral surface of the first two fin 
rays (Fig. 56). There are no spines over the other fin rays. 
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The Development of Tubercle and its Spines 

During the course of investigation on Garra mulhja of various standard lengths, 
it was possible to find the different developmental stages of tubercles and spine. 
Histological study shows that the development of tubercle on the anterior lip and 
the border of the disc is almost alike but differs from that of the posterior lip. On 
the anterior lip and the border of the disc, the rapid divisions of epidermal colls 
of stratum germinativum form papilla \iko structure, whicli protrudue^s out fill 
a definite tubercle is formed ; but on the posterior lip (Fig. 3c, d) it is initiated by 
the outpusliing of the dermis. 



Text-fig. 5. 

Oarra mullya (Sykes), a. Longitudinal section tlnoiigh the border of the disc showing 
formation of collagtsn pads from s])ecimcn of 43 mm. standard length; b. Transverse 
section of the pectoral fin showing the first two fin-rays from specimen of 72 mm. 
standard; length. 

ad. t.y adipose tissue; c. collagen fibres; c. p., collagen pad; dg., dermis; D. S.y dorsal 
surface; /. r., fin-ray; in. s., involuted side of the border; po. ep., polygonal epitholia 
cells; sp.y spine; V, S., ventral surface. 


The development of spines is similar on all the organs of adhesion i.e. the lips, 
border of the disc and the fin rays of the paired fins. The spines are formed by the 
utermost layer of the epithelial cells, lying immediately below the stratum oomeumo. 
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The cytoplasm of each peripheral cell (Fig. 6a, b) V>ecome8 differentiated into, outer 
thick and inner thin areas with the result that the cell wall protrudes out to form 
a conical proje(;tion. After the formation of conical projection, the nucleus of 
each peripheral cell divides and one of the daughter nuclei migrates into the projec- 
ti<jn (Fig. 6c). Soon, the chemical changes in the cytoplasm of each outer projection 
take place and transform it into a cornified spine (Schafer, 1949). The nucleus 



(hirra mnlliid (Sykes). Dc^v-olopiuontal stages of spine, a. and b. Two ] 3 eriplieral 
<?o11h showing tlu' taiter thick protruding and inru*r lliin area; r. JVoi[)heral of a 

t uhenilo t>f post(?ri(>r lip showing a hnv d<‘veloping spines; d. Peri|)heral e(‘lly of a tnhercle 
(»f antt'rior lip showing partially eornilied spiiu's Prom spi^oimen of 4.T inm. standard 
length. 

thick; tn,, thin; niadeus. 

disappears in the process of eornifieation but it is seen divStinctly in the partially 
(eornilied s[)ines (Fig. 6r/). The spiny layer breaks off at intervals due to wear 
and tear and is soon replaced by the underlying layer of the epithelial cells. * 


Discussion 

Our knowledge of the functional morphology of the lips and disc of the genus 
(7arm, is based on the investigations of Hora (1922) and Rauther (1928). Rautlier 
in his paper made no mention of Hora’s previous detailed work on this genus. Their 
interpretations of the adhesive mechanism of the disc are mainly based on its external 
morphology. By the present study of the morphology and histology of the snout, 
the lips, the disc, the thorax and the paired fins of G, mullya it has been possible 
to determine the exact functional role of these organs in adhesion. 

The snout of G. mullya conforms more or less in shape to that of less adapted 
hill-stream fishes such as Crossocheilm and Schizothorax, The abundance of mucous 
colls in the epidermis of snout of G, mullya is remarkable, which renders the fish 
with an oily appearance (Hora, 1952). Thus, the dorso-ventrally compressed form 
of the snout with mucous coating, offers minimum resistance to water current. 
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The study of the anterior and posterior Ups reveals that both the lips having 
the same function, differ considerably in structure from each other. The histo- 
logical differences exist primarily in the dermis of the lips. The dermis of the 
anterior lip consists of modified connective tissue (W^sikuloses Stutzgewebe of 
Rauther, 1928), while in the posterior lip, it is composed of loose connective tissue 
and adipose tissue. The adipose tissue in the ordinary sections presents a reticulate 
appearance but is identified in frozen sections, by its reaction with Hiulan III and 
Sudan Black B. Presumably, in the dermis of the posterior lip of Discognathus 
blanfordi Rauther could not detec^t its presence and hence named as “bindegewebe'* 
(binding texture). Further, while dealing with the histology of the lips of I), himta 
and D. blanfordi, he has not described the stratum compactum l^^er, which is a 
characteristic feature of the fish integument. The very layer in the lips of a 
Siluroid fish, Glyptothorax telchitta, has been described by Bimla Bhatia (1950), as a 
circular layer of muscles. In fact, this layer is composed of collagen fibres which 
stain blue in Mallory’s connective tissue stain and brown in Silver impregnation, 
but in haematoxylin eosin stain, it takes a pink colour and gives a false aj)pearance 
of muscles. 

The protractile nature of the anterior lip shows that during adhesion, it has 
to bear more strain (maximum on its middle part, the mouth being crescentic), 
than the posterior lip, and the modified connective tissue appears to have secondarily 
developed as it is present only in the dermis of the protrusible part of the lip. The 
rigid and constant contact of the anterior lip with the substratum has resulted in 
the swelling of its corners, which have been interpreted as “connectives” by Hora 
and “rudiments of true lips” by Rauther. The presence of thick, spiny cornified 
layer over the tubercles shows the primary function of the lips to be adhesive, the 
tubercles and spines acting as frictional device. This fact is confirmed by the small 
number of sensory cells and their gradual disappearance from the lips of the adult 
fish. Rauther has assigned only a protective function to this cornified layer of 
the lips. He further states that the mouth may help in adhesion, by acting sucto- 
rially, the suction being maintained by the respiratory current. The suctorial 
force can only function in adhesion, provided there is a complete or partial vacuum. 
The respiratory current (cannot bring about the suctorial force, however steady 
it may be, as water passes out through the gill openings. 

The disc with its round shape, smooth shallow depression in the centre, is 
an admirable device for adhesion. It is the callous portion of the disc which forms 
an effective sucker when fish rests on the substratum. Contraction of the muscles 
under the callous portion forms a cavity with vacuum inside. The vacuum is 
maintained by the smooth margin of the callous portion (where the callous part 
merges into the tuberculated border), and not by the border as Hora suggested. 
The film of mucus formed along the margin further increases the adhesive power 
of the disc. The lips and border of the disc which act as frictional devices get 
fastened to the substratum and minimise chances of slipping. The tubercles and 
spines of the border do not allow it to keep a perfect contact with the substratum, 
but at the same time the row of collagen pads present below the tubercles render 
the border with tensile strength to adhere on the surface to serve as frictional device. 
As the cornified layer is of no adaptational value to the callous portion, it is very 
thin and can be detected only under very high magnification. But it becomes 
very thick and spiny over the border to increase friction. Dermis of the callous 
pad consists of the same modified tissue as that of the anterior lip. Thus, it is 
apparent that histological modifications of the callous portion and the border have 
a close correlation with their respective functions. 

The lips are thrust against the substratum by the contraction of certain cranial 
muscles (Al-Hussaini, 1949 ; Girgis, 1952 ; Takahasi, 1926). Function of the callous 
portion is also under the control of the muscle. In the absence of muscles in the 
border, it can be surmised that it acts under some reflex control. 
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0\vin^2^ to frcjquent adhesion and friction with the substratum, the thorax becomes 
flat and it is scaleh^ss ventrally. The formation of incipient ridges in its central 
portion is in r<‘sponse to friction, and it plays only a secondary role in adhesive 
mechanism. 1 'h(; perching habit of the fish has brought about the ventral attach- 
ment of the paired fins to ]>rovide a large area for adhesion. Spines on the ventral 
surfac'e of tlie first two fin rays further add to the mechanism of adhesion. 

To summarise, adhesion is y)erformed suctorially by the callous portion of the 
disc while the lips, post ero- lateral border of the disc and the paired fins have only 
a frictional furiction. Thc^ snout and the thorax play a minor role only. When 
the fish detachers itself, it first releases the border from the substratum, and relax€\s 
the; miisclt^ underlying the callous portion. Thus, the vacuum produced at the 
time of adhe^sion is disturbed and the fish swims away. 
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Abstract 


Tht^ meoliaiiisni of utilizat ion of organic aoida in light in absence of COo by Hydrilla 
lyerticillaUi lias boon studied using Ci Klo, NaHC^-^Os, acetato-l-C^**, acotato-2-C^ ^ and malic 
acid-2, Kvidonco is jiresontod to show that malic acid is utilized in light as a substitute 

for C (>2 in photosynthesis in two different ways : (i) by decarboxylation to CO., which is then 
fixed along tli(> (onvontional photosynt hot ic path witli the evolut ion of ().^ which comes from 
wat <‘r f)artici})at ing in the rtaiction, and (ii) by a conversion of malate to cuirbohydrat o through 
yihosphoenol pyruvatt^. The raf(^ of de(airboxyla.tion as indicated )iy (^>2 evolution may bo 
higher than t hat of CO 2 fixation and such acids as cit ric, succinic, fumaric, n-ketoglutaric, 
aspart ic and glutamic may also be used in the same way. 


The utilization of organic acids as a substrate for photosynthesis by a number of 
succulent plants has been a matter of ctintroversy for several decades (Rabiiiowitch 
1945), It- has been suggested that the acids are reduced photochemically to carbo- 
hydrates directly or hy a primary oxidation to CO 2 which is then fixed along the 
convtmtiorial photosynthotic pathway. Bose (1924) argued that it was ‘hmreason- 
ablc to suppose that when the plant can assimilate or reduce so highly oxidised 
an acid as neccissitating a large expenditure of energy it should not reduce 

the less oxidised organic acids”. Working with Hydrilla verticillata an aquatic 
plant which accumulates acids in summer months, he was able to show that malic 
acid could completely substitute for CO 2 , and photosynthesis - as evidenced by 
evolution of Oo — could continue in total absence of COg. The availability of isotopic 
traf'crs has made possible a re-investigation of the problem and a systematic 
investigation was undertaken, the results of which are presented below. 

Materials and MethoDwS 

Hydrilla variicillata was grown in the tanks of the Bose Institute. Before 
each experiment the twigs were washed thoroughly with sterile distilled water and 
cut into small pieces. Only green apical regions were used. 

BaC^^Og, NaHC‘^0;3, Acetate- 1-C^^, Acetate-2-C^^ and Fumaric acid-2, 3-C^^ 
were purchased from the Radiochemical Centre, Amersham, England. The 
was generated by the action of lactic acid on BaC^^Og inside the experimental jar. 
Malic acid-2, 3-C^^ was prepared from fumaric acid-2, 3-C^‘ by the method of 
Raha and Sen (1958). 

At the end of each experiment the tissues were extracted in hot 80 per cent 
ethanol. The extract was filtered and the residue washed repeatedly with hot 
80 per cent ethanol until the filtrate was free from any radioactivity. The combined 
filtrates were evaporated to dryness under a draft of air, dissolved in a small volume 
of distilled water and centrifuged. An aliquot of the clear supernatant was chro- 
matographed two-dimensionally on Whatman no. 1 filter paper with water -saturated 
phenol and n-butanol-acetic acid- water (4 : 1 : 1) as the developing solvents (Sen 
and Leopold, 1956). Radioautographs of the chromatograms were prepared by 
exposure to Ilford or Kodak X-ray films for 3-8 weeks depending on the amount 
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of radioaetivity present in the sample chromatographed. Radioactivity measure- 
ments were taken with an end window Nuclear Chicago halogen) counter connected 
with a Traecrlah Autoscaler. The compounds were identified from their migration 
characteristics in a variety of solvent systems and by co- chromatography, wherever 
jDOSsible. Star(*h was isolated according to the method of Cal \ in et al. (1949). 

Kx]i(Tini('nts on the evohition of carbon dioxide were performed in closed 
Warburg vess(*ls with N NaOH in the central well. Tlie trapped in the 

alkali was estimatcfl as BaC^'^O^ and its specific activity determined. In experi- 
ments with non-rad ioa(4ive organic acids of the Krebs cycle, the gas volumes were 
measured nianometri(‘ally. 


Experimental 

The nonndl products of fixution in Hydrilla. 

ddie preliminary experiments w'(‘re concerm^d largely with a study of the 
products of phoU)syntheti(! 1 X )2 fixation in this aquatic plant, with a view to finding 
out wh(‘th<‘r there is any deviation from th(‘ conventional path of carbon in plioto- 
synthesis d(‘monst rat (‘d in a vari(d v of plant tissues. Hydrilla twigs were inculmted 
with .*10// C of NaH(!^^();j (sp. activity 3.7 mg/in(^) in phosphate buffer of ;>H 6.8 
for li“) s(K*., 1 min., .7 min. and 15 min. At th(‘ (‘IkI of each period tlie twigs were 
killed and (‘xtraeted in lioiling 80 per c(^nt ethanol followed by paper chromato- 
gra])hy atui autoradiography. The distribution of CO'* among the products of 
]>hoto.synthesis for a 15 sec. ])eriod is show'ii in Table 1. Bulk of the C^^-activity 
was locati^d in tln^ “nucleotide area” of the paper chromatograms and phospho- 
glycerie. acid. No appreciable radioactivity could be detected in malic acid. Label 
in sucrose, malic acid and alanine appeared later and activity increased with increase 
in time. Similar results were also obtained with gaseous 0**02- path of CO 2 

fixation in Hydrilla thus api>ear8 to be normal. 

Table I 

The distribution of in ITy sec. photosynthesis in Hydrilla verticillata 


Compound 


% total (O Laotivity 


“Nuclootidc area” 

55 

Su^ar pho.sphat 08 

14 

Pliosphoglycorio acid 

31 


Utilization of dark CO^ fixation prodticts, 

Bose (1924) had observed that utilizarion of malic acid for photosynthesis 
occurred during the months of April-July when the plants were “acid’’. In aqueous 
extracts malic and oxalic acids were detected. He suggested that large amounts 
of malic acid are formed in darkness and this is utilized as a photosynthetic substrate 
when the day breaks. 

To study w hether organic acids are formed due to dark COg fixation Hydrilla 
twigs were allowed to metabolise 100/^ C NallC^^Oa in darkness for 15 hrs. One 
half of the twdgs was then immediately extracted in 80 per cent ethanol ; the other 
half was w^ashed in 10 changes of distilled water and subjected to high intensity 
light provided by two 1000 watt photoflood lamps at a distance of IJ feet at 26°C 
for 4 hrs. and then extracted in ethanol in the usual way. 
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Tn darknesv«{ only small amounts of were fixed. 0'^ -activity was detect- 

able primarily in phosphate esters, and citrie-isoeitric acid. When the twigs were 
exposed to light for 4 hrs. radioactivity appeared in malate, sucrose etc. 

Utilization of Acetate A and Aceiate-'IA^^^. 

Dark CO 2 fixation, however, may not necessarily make a major contribution 
to the synthesis of organic acids in darkness in Jlydrilla and attempts were therefore 
made to study organic acid metabolism in these tissues after feeding the twigs 
with 0^^ -labelled acetate winch is known to be a key compound in the metabolism 
of organic acids. Both acetate- 1 and acetate-2'0* ^ were used. 

The experimental twigs were divided into two groups and allowed to meta- 
bolise 200/^ C acetate-1 -0'^ (sp. activity 37 rng/mC) in darkness tor 12 hrs. in small 
beakers containing 1 ml. M/150 phosphate buffer. At tiie end ot the dark treat- 
ment one group w as killed by pouring boiling SO })er ( onl ethanol and the other 
exposetl to direct sunlight for 15 min. at 25"0 80 }>er coni ethanol extracts after 
removal of unn'acted acetate were plated on stainless steel planchets and counted. 
A 43 per cent loss of -activity was detected in samples exposed to 15 min. light. 
The distribution of in the products of metabolism of acetate- is given in 
Table 2. It is clear that while 0*^ activity in several comj)ounds decreases during 
exposure to light probably due to decarboxylation reactions, it increases sliarply 
pi sucrose and starch. 


Tabi.k II 

The distHbtitiori of (Ji^ in the produrts of acr/rz/r- 1 -t/i i nivUdtoUsjn 
in li()ht and darloteas in Hydrilla V(‘rt icillata 


Coinpouiul 


Sue rose 
Glutamic acid 
Aspart ic acid 
Glyoino 

CitriC'Isocitric acid 
Malic afjid 
Starch* 


c])iu in the extract 
(^orn'rtpondir^g to ouch 
mg. of tissue 
{fnjsh weight) 


1 )ark 

Light 

10,701 

35,887 

65,750 

20,090 

26,100 

11,745 


6,655 

82,330 

13,780 

11,745 

45,140 

4,331 

23,490 


-f traces; *opm/mg. of starch. 


To demonstrate the actual liberation of during exposure to light experi- 

ments with 67/tC acetate-2-C^* (sp. activity 14.9 mg/mC) were performed in Warburg’s 
vessels, the alkali being introduced to the central well immediately before exposure 
to light. During a 16 min. exposure 17.3 per cent of the total C'* activity supplied 
could be trapped as CO 2 indicating an active decarboxylating process. The products 
of acetate-2-C^* metabolism in darkness and in light are presented in Table 3. The 


7 
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methyl carbon was found to be metabolised at a rate Jth that of the carboxyl 
(^\rlM)n in darkness. In light the rate increases tcj In starch in both darkness 

and light, the methyl carbon is incorporated at a rate twic«^ that of the carboxyl 
carbon. Sucrose, hexose phosphates and starch considerably increased in light 
as revealed by the incor[)oration data. 

The products of acetate-metabolism in Hydrilla are thus rapidly decarboxylated 
by relatively short exposures to light. A part of the CO., liberated, is fixed back 
into the plant along the normal photosynthetic pathway. 


Tabce hi 

The distribution of Ooi in certain products of aceiate-'l-VA^ 
meiaholisYn in light and daricness 


cpni in t he ext ract 
corr(*.s|)Oiuling to each 
ni^. to tissue 
(fresh weight) 

Compound 



Dark 

Light 

HoxoHfi pliospliato 

4- 

r)9,960 

Sucro.sf' 

-f 

1,402 

Olutainic acid 

h 

2,035 

Glyoitio 

-b 

1,722 

Unidentified eonipdH. T IT. 

3<),228 

4,489 

8 taro 

im 

3,375 


traces; "‘cpm/iiig. of starch. 

Utilization of malic acid-"!, 

In the above experiments with acetate-C^* malic acid was found to possess 
some radioactivity but since a large number ofC'^ -labelled compounds are appa- 
rently metitbolised at the same time it was not possible to measure the contribu- 
tion of malic acid to sugar or starch synthesis during the experimental period. 
Conclusive answers to this question can be obtained in experiments involving the 
use of malic acid-C^‘'. If carboxyl-labelled malic acid is used an appearance of 
O^^-activity in the carbohydrates would merely mean photosynthetic fixation of 
OO.^ after decarboxylation but the possibility of tlie incorporation of carbons 2 and 
3 of malice acid in sugar synthesis, cannot necessarily be ruled out since in that case 
no radioactivity would be detectable in the sugars due to carbons 2 and 3 wide hare 
non- radioactive. If on the other hand, malic acid-2, 3-C^^ is employed, an appear- 
ance of radioactivity in the sugars or starch may be considered as a contribution 
of that part of the malic acid molecule which is not susceptible to the decarboxy- 
lation reactions, Hydrilla twigs were accordingly incubated with 12/^C of malic 
acid-2, 3-0^*^ (sp. activity 22 rag./mC) in 6 ml. M/180 phosphate buffer of pH 6.0 
in sunlight at 25"'C for 1 min., o min. and 60 min. respectively and the C^blabelled 
compounds analysed as described previously. No radioactivity was observed in 
sucrose but hexose diphosphate and starch were found to contain bulk of the 
metabolised. It was found that with increase in time activity in starch 
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increased but that in the sugar phosphates gradually decreased (Fig. 1). Phos- 
phoenol pyruvate was also found to possess 0*^-activity. 





0 


Incorporation of Ci** into starcli and lioxose pliosphatcs from malic acid-2, during 

a CO rninuto period. 


Discussion 

An understanding of the relationship between dcacidification and photo- 
synthesis is apparently complicated by the effect of light on respiratory processes 
in the tissues studied. It is now generally well known that certain amount of 
CO2 is evolved when plants are illuminated (Decker 1957 ; WeigI et al. 1951 ; Krotkov 
et al. 1958; 030* 1958 ; Soldantov and Ivanova 1955) and the extent of reassimila- 
tion depends on the nature of the plant. In the marine flagellate DunalieUa 
eAichlora the entire amount of CO2 liberated is fixed back into the organism by 
photosynthesis (Ryther 195b). From the observations recorded in the present 
paper it has been made abundantly clear that Hydrilla has a very high rate of 
CO2 evolution when illuminated. With acetate-2-C^^ it has been found that about 
one-sixth of the total amount of -supplied can be recovered as G^^02 during 
a 15 min. exposure. It should be borne in mind that this CO2 is the net difference 
between the fixation and the evolution processes. That the C^^02 evolved was 
fixed into photosynthetic products was shown by the sharp increase of radioactivity 
in sucrose as also starch during this 15 min. period. Most of the organic acids 
present in the plant including malic acid is subject to the decarboxylation process 
but to what extent malic acid itself was decarboxylated cannot be deciphered 
from the data on acetate-C^^ metabolism since malic acid is also known to be 
produced from COg in relatively short periods of photosynthesis. If, however, 
the utilization of malic acid in photosynthesis is purely by way of decarboxylation 
then it could be predicted that when malic acid-2, 3-C^^, in which the carboxyl 
groups are unlabelled is used as a substitute for COg in photosynthesis the sucrose 
formed would have no radioactivity ; but if other parts of the molecule also con- 
tribute to the process the carbohydrates formed would be tagged. It was found 
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that HiKTosp whioh is on the CO, fixation pathway is non-radioaetive but 

!)()th sii;i:ar [>hosphateH and starch were tar^ged with Kinetic (‘xpcriments in- 
dicated tliat the Hpecithr activity <>f starch increas(*d with time as activity in the 
sugar pliosphatcH declined. 'The only other com])()und on the chromatograms 
whicli was found to ])ossess significant (>^‘*-activity was phosphoenol pyruvate, 
'riu^se, observations are in agreement with the following concept of malate utilisa- 
tion in [)hot<)synt h(‘sis : Malic acid is utilized for ])hotosynt hesis in two different 
ways- (i) malic acid is deearboxylated and the CO., liberated is tixed {)hotosyntheti- 
eally along the conventional pathway associated witfi the li})i‘ration of oxygen 
which eorncs from the wat(‘r molecules partici])ating in th(‘ photosynthetic reaction 
and (ii) tlu' eonversion of malate to carbohydrate through })hosphoenol pyruvate 
follow(*d by a complete reviusal of gly(^olysis. The conversion of malate to phos- 
phoenol pyruvate in plant tissues has been demonstrate*!! by Davies (Ifififi). 
Kvidenc!* for the !»ccurrence of the Ctter Kurafiashi n‘aeti!)n now considered as 
a major pathway for the conversion of malate^ to carbohydrate in plant tissues, 
has (iorne out from tlu* recent studies of B(*ev(‘rs on tlu* eonversion of fat to pyruvate 
(H(‘.ev(TS Ifiofi, IfibT : Kfu-nberg and B(‘(^vers Ifio?) in the castor bean. That 
organic acids <^an be converted into carbohv!! rates has also been demonstrated 
by Krot kov u./ ( 1 054) . for t(jbacco leaves. The m('ch;uiism of starch syntlu'sis in 
Uydrilla is not known and on the basis <d‘ aviiilabh* data it is not- possil)le at 
pn‘sent t.o specailalf* on the r(‘action sequences by which malate is converted to 
starcdi without ( lu* app(‘a.rance of any signilicant activity in sucrose. 44ie latter 
])athway does not involves any evolution of Go ^ if i^^ therefore likely that tlu* two 
processes cf»ntinu(‘ simultan(‘Ously. 

Malic acid how'ev(‘r is not tlu^ <Hily organic acid which is nu tabolised during 
illumination iti Uydrilla. Such acids as acetic, fumaric, siucinic, cit ric, a ketoglu- 
taric, aspartic or glutamic an^ also broken down and (uoUnd. This gas 

apparently is a mixture of and (X).j, the C()^ coming from decarboxylation 
])roc(\ss(\s and the from photosynthesis, 'flu* process of de(‘arboxvlat ion under 
steady state* conditions is howc'ver very wt'ak as was also found by Kmsanov and 
Kryukova (11)57) for Phasinhin and tlu^ prex^ess, thus, is only of linnt.(*d use for 
photosynthesis to the plant. Malic acid also is not the rnajor organic? acid of 
llydrilUi. 44jt* major organic acid has been found to be a substance which 
moV(\s with the* solvent front whem (*xtni.cts of IlydrUUi twigs aic? chromato- 
graphed in ethanolammonic- water (SO: 5: 15). This substance still remains to be 
ideutitied. 
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FURTHER OBSERVATIONS ON THE METABOLIC ACTIVITY OF 
THE SOIL MICROFLORAi 


by B. Bose^, I. L. Stevenson and H. Katznelson, Bacteriology Division^ Science 
Service, Canada Department of Agriculture, Ottatva 

(Communicated by Shri Ranjan, F.N.I.) 

(Received February 24; read May 1, 1959) 

Abstract 

Tho respiratory activity of the mioroflora of intact, mitreated soil has been studied mano- 
inetriealJy. Sugars, amino acids, aromatic compounds and tricarboxylic acid cycle intermediates 
wore tc^sted in four soils varying markedly in fertility and organic matter content. The effects 
of soil reaction and substrate concentration wore also investigated. The r€^8\ilta are discussed 
in relation to tho use of metabolic or enzymatic activity of soil as an index of fertility. 


Introduction 

Tho use of nianometric methods for the study of the metabolic behaviour of 
soil as an ecological unit has been described previously (Katznelson and Stevenson, 
195()). It was found that intact, untreated soil could metabolize mixtures of 
various substrates such as amino acids, sugars and organic acids. The most striking 
effect was obtained with casamino acids w^hich appeared to bo oxidized adaptively; 
this adaptation was inhibited by 2, 4-dinitrophenol. Other mixtures of substrates 
wore oxidized directly at a fairly constant rate. Stevenson and Katznelson (1958) 
have recently reported on the direct oxidation of ethanol and acetate in soil, and 
studies have been continued in an effort to find other single compounds rather 
than mixtures, whose oxidation might be used as an index of microbial activity 
in soils. 

The following studies include a general survey of the oxidation of numerous 
substrates in a number of different soils. In addition the effects of substrate con- 
centration and soil pH on oxidation were investigated. 


Experimental 


Manometric Techniques 

A 4 g. sample of the 0.5-2.0 mm. fraction of a soil was placed in the main 
chamber of a conventional Warburg vessel. The soil was brought to 60 per cent 
holding capacity by the direct addition of water or substrate. “Accordion-pleated” 
pieces of filter paper were inserted in the centre well and 0.2 ml. of 20 per cent, 
potassium hydroxide added. The vessels were then attached to their respective 
manometers and placed in the water bath at 30°C. Manometers remained static 
during the experimental period. Unless otherwise stated results are presented 
as accumulated oxygen uptake with the appropriate endogenous values subtracted. 
Inasmuch as soils arriving from the field exhibited considerable variation in moisture 
content, they were air- dried for a short period before sieving and weighing. 

1 Contribution No. 480. 

2 National Research Counoil of Canada Fellow in collaboration with the Canada 
Department of Agriculture, 1957-1969. 

VOL. 26, B, No. 5 



224 


B. BOSE, I. L. STEVENSON AND H. KATZNELSON : FURTHER 


Plating Texhniquejs 

Numbers of bacteria and fungi wore dotorminod by plating ap})ropriate soil 
dilutions with Soil Extract Agar and Rose Bengal -Streptomycin Agar. 

Results 

Initial studios wore utulortakon with a variety of substrati's in difTorcrit 
concentration in one soil. Accumulative oxygen uptak(i v^alues for a period of 
six hours are given in Table 1. 


Tablk I 

Oxidat ion of a Varioty of Suhstrat t .s in Soil 


SuhHtrato 

(!on(;.* 

tn^ias. 

<>- 

uptake 

•Subst rat <“ 

( .'one.* 

mm 

t)- 

u])tak« 

SucroHO 

f) 

JH8 

Nil J>ciizoatn 

25 

66A 


10 

389 


50 

22A 


•JO 

2r>j 

(’atechol 

25 

19A 

Lao town 

5 

13A** 


50 

42A 


10 

33.\ 

(iuiacel 

25 

0 


20 

(>A 


50 

0 

MnltoHi' 

r> 

89 

Vanillin 

25 

13A 


10 

1 J3 


50 

OA 


JO 

74 

1 -Alnnitii' 

25 

3 

FructOHo 

f) 

72 


50 

17 


10 

41 

A ixiniiKi 

25 

27 


JO 

65 


5n 

73 

GlU(rO.S(' 

o 

133 

Glycinc' 

25 

5S 


10 

124 


50 

59 


20 

89 




Galactose 

T) 

0 

Na l\vrnvate 

25 

50 


10 

0 

Na (finite 

25 

20A 


20 

20 

rt-kelogliit arate 

25 

20 A 

Xylose 

r» 

0 

Na Huc-cinate 

25 

158 


10 

6A 

Na Fuinarate 

25 

1 20 


20 

lOA 

Na Mala to 

25 

141 

A rabinosc 

T) 

12 

Na Acetate 

25 

30 


lo 

23 

Na (5s-Aconitat<' 

25 

28 


JO 

19 

Na Jso-citrate 

25 

0 


*Concontnitiona of aubnlraiOH per 4.0 gruH. soil. 
*’*'Adaj)tivo oxiilation. 


Sucrose proved to bo the most readily oxidizablo substrate used and it is note- 
worthy that the oxygon uptake for this compound was greater than the sum of 
the oxygon values for fructose and glucose in equivalent concentrations. Maltose 
was utilized at a moderate rate whereas lactose oxidation was very slow. Glucose 
was the most readily available of the three hexose sugars tested while little activity 
was noted with galactose. Pertose sugars wore also oxidized very slowly with 
a slow' adaptation observed in the case of xylose. With the amino acids studied, 
glycine w^as found to bo oxidized at a steady rate while the oxidation of 1-alanino 
and arginine proceeded more slowly. Little oxygon uptake was noted with the 
aromatic compounds and this usually occurred after a fairly long lag period varying 
from tw'O hours for benzoate and catechol to four hours for vanillin. A distinct 
inhibition of respiration occurred wdth guiacol and with the higher concentration 
of benzoate and vanillin. Of the tricarboxylic acid cycle intermediates the dicar- 
boxylic acids were oxidized most rapidly and directly. Pyruvate and acetate were 
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utilized more slowly. The remaining acids were oxidized very slowly with a gradual 
adaptation occurring. . . 

A comparison of the oxidation of seven selected substrates by thiee other soils 
of varying fertility and organic matter contents are presented in Figure 1. 



Oxidation of so von selected siibstratos in three soils. Warburg vessels contained 
4.0 gras, of soil supplemented with 25 /J, Ms of substrate. 


A distinct gradation in overall activity is observed among the three soils illus- 
trated. All substrates are jnetabolizod oxtromely rapidly in soil NG. This soil 
is tlie higliest in organic matter content (Stevenson, 1956.) as well as in metabolic 
activity (Katznelson and Stevenson, 1956). Intermediary rates of oxidation are 
noted in the case of the Rideau Clay (RC) soil whereas least activity is observed 
in the relatively infertile soil N. It is of interest to note that the substrates most 
actively oxidized by soil X (Table 1), namely, sucrose, glucose and succinate are 
also oxidized most readily by soils N and RC. Rates of oxidation of these substrates 
are also among the highest with soil NG although substrate concentrations may 
have become limiting in the case of succinate and glucose. 

The effect of substrate concentration on the oxidation of succinate in soil NG 
is illustrated in Fig. 2. 

With extremely low concentration (5-10/^ M) the initiajl oxidation rates are 
somewhat lower than those of the higher concentrations. In all cases the duration 
of this intial direct oxidation .increases as , substrate concentration increases, to 
be followed by a rapid decline in oxidation rates. ; \ 
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®" substrate oxidation soil NG was treated 

r r anTfr*"^ ®f provide a series of samples of pH 3.2, 3.7, 4.5, 

al’idifii/^linik data for sucrose, succinate and l-jjlutamic acid in these 

iicKiiiietl soils are presented m Figure 3. 



• ‘ 1 

2 4 6 

time (hours) 


Text-fig. 2 

The effort of different concentrations of succinate on oxidation in soil NG, 


A marked decrease in activity is noted with all substrates as the soil »H is 
lowered though some oxidation is still evident even at pH 3.2. Numbers of bacteria 
and fungi were also determined in acidified soils after a 6 hour incubation period 
Ihese data are given in Table II. ^ 



total O2 UfTAKE 
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£H 



T»me (hours) 

Text -FIG. 3 

rhe oxidation of Hucroso, succinate and Lglutamio acid in soil NG at dilforont pH’e, 
Soil supplemented with 25/4 Ms substrate. 


Table II 


Number of Bacteria and Fungi in Soil at Different p^Va* 


Soil 

Bacteria** 

X 10« 

Fungi*** 

X 106 

Control Unadjusted 

33.0 

13.6 

pH 6.6 

35.6 

14.0 

pH 5.5 

32.0 

29.6 

pH 4.5 

20.3 

11.0 

pH 3.2 

6.3 

8.0 


♦Soils eudjusted to appropriate pH and allowed to stand 6 hours prior 
to plating. 

♦♦Plato count in Soil Extract agar. 

♦♦♦Plate count in Rose Bengal -Streptomycin agar. 


It is evident that the reduction of respiration with increasing acidity coours 
before a noticeable reduction in plate counts takes place. Below pH 5.5 there 
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is a significant drop in bacteria and this is especially noticeable at pH 3.2. Numbers 
of fungi do not dccroaso to the same extent. 

1'lie rayiid oxidation of sucrose in the various soils suggested further investi- 
gation as to its l)reakdown products. Twenty gram samples of soil NG were brought 
1o ()0 ])er cent water hokling cayiacity with a 1 per cent sucrose solution so that the 
final concentration was equal to lOp M sucrose per gram of soil. Samples were 
incubated at and extracted with water at intervals of 2, 5, 24 and 48 hours. 

Aliquots of the aqueous extracts were syiotted on filter })aper and chromatographed 
with n-butanol : a(*etic acid : water (4:1: 5); the jiayiers w ere sprayed with solutions 
of silver nitrate or 2,-aminobiplionyl. Little, if any, hexose sugars ('ould be detected 
at the 2 and liour extract ifin ])eriods though siu^rose was still y) resent in relatively 
higli concentrations. By 24 hours glucose and fnictose spots wore distinct while 
thc^ concuud ration of sucrose had decreased. At 48 hours no evidence of sucrose 
was found whereas tracers of the h<;xose sugars were still evident. It is of interest 
to note that those data like the n^spi ration data show^ the raynd disayiyiearance 
(jf sucrose with a slower oxidation cjf the constituent hoxoses. 

I)rscussiON 

The ])attorn of substiato oxidation by the four soils used in this study in which 
sucrose, glucose and succinate wo?e favoured may bo of general significance in rela- 
tion to the metabolic; a(;tivity of the soil microflora. Sucrose and glucose occur in 
both the frcH) and conibincHl state in t)lant residues and are readily attached by a w ide 
variety of soil micro orgatusms. Huccinate is a cfommon ros}>iratory intoritiediate 
and it is not in(;oncoivable that soils would contain a microflora well ada})tod to 
utilize this compound. Sugars sucdi as lactose or galactose not usually found in 
j)lant debris are oxidized v(Ty slowly or after aday)tation as in the case of lactose 
(Table 1). Pentoses are not usually j)resent as free sugars in y)lant material and 
are only liberated through liydrolysis of more comy)lox molecules su(;li as gums, 
hemic(41ulosos and mickuc; a(;i(lH (Bonner, lOfiO). It might bo ox])ected therefore 
that tlio soil microflora would not be aday)ted to utilize these substrates directly. 
Ft is of iutorest to note that the highly organic soil NG a])}>ears to contain a poy3u- 
lation whi(;h is aT)le to oxidize arabinose very ray)i<lly. 

Aromatic substances are not found in abundance in soil. They originate from 
the slow decomy3osition of substances such as lignins and do not accumulate to any 
extent. In cotisoqueuce a relatively small yjoy^ulatiou is present capable of direct 
oxidation although the soil y>()y)\dation aj>j)ears to bo able to ada])t itself slowly 
to these comjKJunds. 

The oxidation of amiiio acids varies considerably with the different soils. Since 
these compounds are liberated regularly from yilants and y)lant constituents it was 
expected that the soil })opulation would utilize them as rapidly as they were 
produced. Oxygen uptake valiu s for these subtrates wcio found to bo relatively 
low but in view' of the numerous non-oxidative conversions amino acids can 
undergo this is not surprising. 

4'he intermediates of the tricarboxylic acid cycle are widely distributed in 
plants and appear readily available to soil micro-organisms. Four-carbon acids 
such as succinic, funiaric and malic acids arc the most rapidly oxidized. Acids 
such as citric, iso-citric and cis-acoiiitic are not readily oxidizable ; this may well 
be duo to permeability barriers. 

An attempt was also made during these studies to determine the groups of 
soil organisms concerned in the overall metabolic activity observed. Experiments 
with selective antibiotics sucli as actidione and streptomycin or Chloromycetin 
gave inconclusive results (unpublished data). The antifungal agent (actidione) 
(lid not reduce soil respiration in the presence of substrate whereas the antibacterial 
agents caused only partial reduction in activity; however, lowering the of the soil 
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caused a consistent and marked decrease in oxygen uptake with the three substrates 
used. There was no correlation between numbers of bacteria and fungi and respira- 
tion between the pH range of 5.5 and 6.5 and it may bo expected that the decrease 
in respiration was due to a general inhibition of the onzyiiies concerned. At 
4,5 and especially at 3.2 there was a marked reduction in numbers of bacteria. 
The fungal count was less sev erely alTected by the acid environment tliough at pH 
3.2 there was a forty per cent reduction in numbers. The reduction of both bacteria 
and fungi at the lowest pH values may account for the low metabolic aoti\dty of 
the soils with emphasis on the severe reduction in bacterial numbers. The ])Ossibility 
of a diret^t or indirect pH effect on other types of soil organisms, such as protozoa, 
can not bo disregarded, however. 

A number of investigators have studied invortase aidivity in soil and have 
attempted to relate the results of overall microbial activity and soil fertility (Kiss, 
1957; vSeegcrer, 1953). ddie data obtained in tlie present investigations through 
respiratory and chromatographic studies su]>port the re])orts of active invortase in 
soils. Variation in activity in difTereiit soils as indicated in Tig. 2 suggests the 
possibility of using dnvertase activity’ as a criterioji for assessing microbial activity 
or fertility of soils. 
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ON A FEW FOSSIL SHARK TEETH FROM THE MIOCENE BEDS OF 

KUTCH, WESTERN INDIA 
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Abstract 

CarchurioUtmtui heroni Kora and Hypoprion horni Hp. nov., fossil shark teeth, have been 
doscrilM^d from thf^ Lower Miocene beds of South-Western Kiitch, India. These finds throw 
light on the age of Flala-sore and Haripada beds and <lo not favour the view of Kocene age for 
those bods. 


Introduction 

T\m prosont paper deals with a few^ fossil shark teeth assigned to the genus 
Carchariolammi Hora 1939 and Hypoprion Miillor and Henle. These have been 
isolatijd from the foraminiferal marls occurring in the neighbourhood of the vil- 
lages Vinjhan (N. 27'^ (V : E. (>9*^ 2') and Waior (N. 23® 25' : E. 68° 44'), south- 
western Kutch. 'Fhe Marls are highly fossiliferous, and almost entirely made up 
of foraminifers, ostraccods and other invertebrate fossils, which are being studied 
in detail })y the author. Those are undoubtedly of Lower Miocene age (Gaj Series), 
as concluded from the association of foraminifers and molluscs. The material was 
collected by the author in the months of September and October, 1949 and later 
on supplimented by further collection in the winter of 1952. 



At Vinjhan (Tewari, 1952) the foraminiferal marl is about 50 feet thick, yellow 
in colour with abundant Taberina inalaharica (Carter). On this basis this hori- 
zon has been called the zone of Taberina malabarica. It dips at about 5° towards 
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S.S.W. and is overlain by a cream-coloured compacd limestone full of Miogypsina 
s.s. and underlain by a zone containing; Corbula and Turritella, 

At Waior this marl is about 12 feet tlii<^k and has a yellow brown colour. 
It is underlain by a band of limestone full of Opercul imi together with Miogyp- 
•sma and M i or/ ypmn aides and it.self overlain by Imiso coarse-grained sandstones 
and dips at a very low angle of to 5^ towards south. This section of rocks can 
bo followed down-stream in the rivulet passing through the villages of Waior and 
Waghot (N. 2:r 24' : E. 68" 44'). 

The shark teeth, which form the subject matter of this paper, arc the only 
vertebrate fossils, whi(^h have been so far observnHl by the author, in those beds 
and lienee are of particular interest. Furthermore, the (X'currence of these fossils, 
in the undoubtedly Lower ]VIio(*ene bods of Kut(?h, has a bearing on the age and 
correlation of the Balasoro and Baripada beds of Orissa, India. 

Previous Work 

Apart from the researches of Lydekker (1886) on the fossil fishes from the 
Siwalik rocks of India, Noetling as long ago as 1901 called attention to the occurr- 
eiute of shark teeth from the Miocene beds of Burma. A little later, Murray Stuart 
(1909-10) re])orted and illustrated fossil fish tooth collected from the Pegu System 
of Burma. Some years later (lee (1926) obf ainod from the 'Fortiary beds of Anda- 
man Islands seviual types of fishes’ teeth, which ho considered to belong to sharks. 
The remains of fo.ssil fishes from India and Pakistan and problems associated with 
their occurrence have been studied by Hora (1936, 1937a, /), c d, 1938a, ft, 1953) 
in detail. He has also contributed an excellent paper on the fossil fish-remains 
from Balasoro, Orissa (Hora, 1939) wherein he has described several fossil teeth, 
out of which te(dh of Care hari old wna lieroni Hora 1939 and Hypoprion are of 
particular interest to us. More recently Misra (1947 and 1951) has published 
immensely useful paj)er especially a ‘Check List’ and ‘Key’ for tlio identification 
of fishes of India and adjacent countries. Similarly Menon (1951) has also dealt 
with the distribution of fishes in the past and their bearing on the palaeogeography 
of India, 'fowari (1954) has reported Car char iolamnu heroni Hora from the Lower 
Miocene beds of Kutch. Besides these Rao (1956) has made a study of a fossil 
Siluriod fish from the Eocene rocks of Western Kutch. The principal characters 
of ( UircJtariolfiinna (Hora, 1939, p. 202) are described as : 

“It bears close affinity with the Eocene Genus Carcharoides from which 
it is distinguished by the less developed or totally absent lateral denticles, 
very finely serrated edges, and an almost erect and blunt crown. 

'Fho teeth are solid throughout and are, therefore, referable to the family 
Lamnidae and not to the Carcharinidae, in which the teeth are invariably hollow.” 

Description of Species 

Class— ELASMOBRANCHII 

Sub-class— SELACHII 

Order— EUSELACHII 

Family— LAMNIDAE 

Genus — Carchariolarmia Hora 1939 

Charchariolarnna heroni Hora 1939 
PI. X, figs. 1-3 ; Text-fig. 2, fig. 3. 

Car char iolamna heroni Hora, 1939, Rec, Geol. Surv, India, 74 (2) 203-205, 
pi. 13, figs. 1-4, Text-fig. lb. 

Carchariolamna heroni Hora Towari, 1964, Proc, Ind. Sci. Cong. 41 
(4), p. 14. 
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The present tooth is well preserved except for a small portion of its base. The 
surfac^e of the tooth is shining and it is quite stout and consists of a cro\vn or cusp 
whicih is strong and straight. Its apex is blunt and the margins are thin, com- 
pre8se<l and finely serrated. The serrations are not j>resent on the base of the 
crown but they almost oxUuifl to the top and bottom of the crown. The external 
side of the (Town is convex and its surface is almost Hat. The internal side is 
concav^o and its surfafie is slightly convex. 

1Tie base is broad, strong and slightly arched. There is a median groove, 
extending from the bottom to almost the top, on the internal surfac-e of the base. 

A small groove is also seen at the junction of the (Town and the base, which 
is about 0.25 mm. wide. The lateral denticles are incipient or almost absent. 

Locality 

The single tooth has boon obtained from the Lower Micxene (Burdigalian) 
beds of Kutch. H’he specimen comes from the zone of Tahf rina inalahanca two 
furlongs north-east of the village Vinjhan (N. 27° 0' ; E. 09° 2') in southeastern 
Kutch. 


Association 

It lias boon found assoijiated with Tabe.rina walahdrica (Carter). Muxjijpsina 
(Mio(jyp.^in(i) irrfguldris Michelotti, M. {Lepidoserniryclitia) Tan, 

Amirotr'dlina hourhini (Sc^hlumberger), Miogypsina (Miolvpidoajdhui) bnrdigdU 
eyhsis (Ciimbel), Sorites rnarginalis (La?narck), Archaias ang}datns (Ficdi. k Moll.), 
Streblus. Osirea latimarginafa VTodenburg, Osirea (Lopha) rirbdi l)esliayos, Ostrea 
digitatxi Ei(;hwald, Turritflbi {Torculoide.Ua) anguldta (Sowerby), (lypcdstrr irtidgt oii 
Duncan and Sladcui, Spondylns uHiyhindi Davies, Bairdid subdeltoidra , atid a host 
of smaller foraminifors and ostracods. 


Remarks 

The present t(K)th is smaller than the one d('-s(Tibed by Hora from Balasore, 
but it resembles very miu;h in shape and other essential characters to the type 
species. There are minor differeiujes Ixdweon the present tooth and the li()loty])e 
of the t>q)e species, but it resembles most closely the co-type no. 1()()49 (Hora 1941, 
plate 13, tig. 4) kept in the Goologi(*al Surveyy of Indian Museum. Th(^ extra- 
ordinarily small size of the tooth is possibly duo to its being young specimen, and 
it may, therefore, bo safely concluded that the present tooth belongs to (Uirchario- 
larnna hcroni Hora. 


Family (b\RCHARINIDAE 
Genus llypoprion Miiller & Honle 

Hypoprion horai sp. nov. 

PI. X, figg. 4, 5 ; Text-fig. 2, tigs. 1, 2. 

Hypoprion Miiller <& Henle, Hora, 1939, Rec. GeoL Surv. India, 74, pt. 2, 298-209> 
Text-fig. 5a. 

For the present study three ^vell preserved teeth were isolated from the foramini- 
feral yellow browm marl of Waior. These are small and triangular with an oblique, 
pointed and hallow^ crown, the edges of which are thin, compressed and smooth 
except at the bases, where they are coarsely serrated on one side and crenulated 
on the other. These have a shining surface, and are of amber colour. 
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The external surface of tlie crown is flat and the internal one is convex. The 
moderately arched base of the tooth is broad and strong. There is a median groove 
on the internal surface extending from the bottom to almost tlie top. 



The present species has been named in the honour of late Dr. S. L. Hora, who 
first discovered it from the Balasoro and Baripada beds, which have been assigned 
an Upper Tertiary age. 


Locality 

The specimens have been collected from about 2 furlongs south of Waior 
(N. 23^" 25' : E. 68° 44'). They come from a yellowish brown marl assigned to the 
basal part of Lower Miocene. 


Association 

These have been found occurring in association wdth OpercuUrwi,, Spiroclypeus 
sp. indt. Miogypsina (M,) irregularis (Michelotti), Austrotrillina howchini (Schlum- 
berger), L. (N ephrolepidma) surnatrensis (Brady), L. {N.) borneensis (Provale), (M.) 
Miogypsinoides dehaarti Vander Vlerk, Turritella (Torculoidella) angulaUi (Soworby), 
fossil algae and ostracods. 


Remarks 

The present teeth from Kutch arc remarkably similar in shape and structure 
to that described by Hora from Balasore. However, minor variations amongst 
the teeth of the present species have been observed, which may be due to their 
different positions in the jaws. 


Conclusion 

The beds containing Taberina malabarica, Spondylus waylandi and Clypeaster 
carteri from Ceylon were assigned to Vindobonian by Wayland and Davies (1923). 
Later Eames (1950), after a detailed study of the molluscan fauna of the Miocene 
of Ceylon, Quilon, Karikal, Cuddalore, Kathiawar and Kutch, concluded that the 
beds containing the above cannot be younger than Burdigalian (Upper Gaj). The 
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evidences, of foramiiiifors such as A ustrotrillina hotochini and of inolhiscs like Ostreu 
Ijaiimarginuta found t\»ssociated with Carchariolamm heroni and Tabcrhia umilabarica 
in Kutch are in favour of these beds being included in the Upper part of the Lower 
Miocene (Burdigalian), 

Similarly the foraniiniforal fauna found associated with Hypaprion fiorai is 
characteristic of the basal part of the Lower Miocene (Acpiitanian). This has 
been concluded from the presoruje of Miogypsina s.l. togetlier with Spiroclypeus 
(Glaessner 1951 and Eanies 1953). 

Therefore, it follows from those considerations that the present occurrence of 
Car char iolamna heroni and H ypoprion horai in beds of undoubtedly Lower Miocene 
age of Kut(^h is an additional evidence in favour of the Balasoro and Baripada bods 
being of Upper Tertiary age (Tewari 1951). However, these ocuanTOUces alone 
are quite inadequate for the correlation of the Balasoro and Baripada bods with 
those of Lower Miocene beds of Kutch, but the available evidence as also indicated 
by Sahni (Hora 1941) is definitely in favour of these beds of Upper Tertiary age, 
and most certainly ciontradict the Eocene ago for these beds. 
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Abstract 

In iho pmsent. paper growth in tho sooond pair of and their eoni[)onont. parts, 

tlio la., Me., C-a., Pro. and the Dae., lias been studied in iho light of tho growth formula, 

y 

in prop('rly collected samples of tho male and tho female Indian freshwater prawns of tho 
following four spo(‘ies of PitUicnion Fabr. : 

(i) P(fl(i(n)}on. dayarnis Itenderson. 

(ii) Paldcnion lamarroi Tl. Milne — Edwards. 

(iii) Patacinov Kistnensia Tiwari, and 

(iv) Pithtejnoti, heiidorsoni DoMan. 

Tho following ])oint.s emorgod from thi.s study : 

1. It is seen that there is only one ]>hase of growth in the male and tho female cholipeds 
in ('ach of the thn'o spi^cies, other than P. hendersoni, with a progressive change in the values 
of the growth-coeflu‘i('nt. Tho values of the eipiilibrium constant a <*oincido with tho mean p 
within the limits of sampling liuct nations. 

2. ' In P. daynnu.s the phase of growth in the males starts with a growth -centre in the 
Pro. and a [mint of depression in tho Mo. which develops into a growth-centre towards the 
end. In tho female organ it starts with a growth-centre in tho Me. and a jioint of drmrossion 
in the Dac. which later (level ojis into a steep high point. The growth-gradient in the male 
chclijied, in P. lamarrei, starts with a growth-centre in the Ca. and, as in the males of P. dayanus, 
a [mint of depression in the Me. which develops into a growth -centre towards tho end of 
the ])hase; while in tho female organ of this species there is no change in tho growth- 
gradient ])att(‘rn throughout the phase, thus showing here a stable state of growth. Pro. forms 
a growth-centre here. In P. Kistnensis growth in the male chelij^ed starts with a growth- 
centre in the Me. which becomes a point of depression between the neighbouring joints, the Is, 
and the Ca., towards t he end of tho phase, when the Pro. forms a growth-centre here, and remains 
as the only jjositivcly heterogonic joint. In the female organ tho Me., which is a point of 
depression at the start, (level opes into a growth -centre towards the end of the phase; while 
the Dac. forms a high point throughout it. 

In P. dayanus tho gradient in the female cheliped seems to bo much more marked than 
the one in the male. In P. lamarroi, however, the gradient in the female cheliped remains 
perfectly unchanged for all lengths of the cheliped, whereas in tho male cheliped it is a changing 
one and is associated with a rapid shift of the growdh-centre from the central (Ca.) to the basal 
(Me.) region of the organ. In P. Kistnensis the gradient in the male cheliped is highly marked 
(and is associated with a rapid shift of the growth-centre from the Me. of the basal region to 
the Pro. of tho distal region); whereas in the female cheliped tho gradient is very stable and 
is associated with only a slow development of heterogony in the Me. and a progressive and 
gradual change in the values of tho relative growth rates of the other segments of the organ. 
In P. hendersoni tho gradient in the male cheliped (I Phase) is more marked than the one in 
the female. In fact in the male there takes place a rapid progress in the values of the relative 
growdh rates in tho segments of the distal region of the organ, a steep fall from a positive to a 
negative heterogony in the central region and a development of the growth-centre in the Me. 
of the basal region. The second phase of growth in the male cheliped, however, forms a highly 
marked growth -gradient progressing in one direction only and resulting in the progress from , 
less to a more steep growth-centre at the Pro. of the distal region and a development of another, 
but less marked, growth-centre at tho Me. of the basal region. 

VOL. 25, B, No. 5, 
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Introduction 

For a v'(^ry long tiino the study of differential growth in an organism had 
received little attention, d’he idea of growth -gradient in an organic form was for 
the first time Ixtautifidly put forth hy D'Arey Ttiompson (11H7, 1942): hut his 
studies, though fascinating and original in »nany respects (e.g. liis use of (‘artesiaii 
transformations in studying the evolution of one form from another), lacked the 
quart tit at iv<^ exjtression that prhna Jarir seems to go verm the process of growth 
in the animal kingdom. 

A new impetus ami intm'pretation to the study of diffei'cmtial growth was given 
l>y Ifuxhiy (1932). has analyse<l a vast hody of data on animals and plants 

and has arrived at certain (juantitative dedmdions about i\nt laws that seem to 
gf)verii the growth of organic life in general; and, although originated by Pi'zibram 
(1902, 1917), (dianqry (1922, 1942) and otln^rs, the formula for allometric growtli, 
known as tlui sinq>le allonietry e(|uation, was given a new^ status by him (op. cit.) 
in studying the growth process in a living organism. Tt is, 

y -z_ 

where x and y represent i-esi)ectiv(4y the sizes of the body and the organ; b and a 
are two (onstants of which the latter, known as the “etjuilibrium (;onstant' or the 
‘growdh-coefUeieut’, is of particmiar interest. 

It was next semi that although the simple allomidry ecpiation has proved of 
\'ory w id(^ inifiortanci^ in understanding th(^ dynamics of a body, still c(‘? tain pheno- 
mena of growth could not be exfilaiiuMl clearly beitause it has some shortcomings, 
some of whi(4i havi; beim discussed by Ifuxley himself (op. rif.). In this connection 
the author of the present paper has already established (1957) that this allometric 
0 (|uation is only a valuable first ajiproximatiori of the following more general 
formula of grbwdh, 

y --.-r . . (1) 

where /?, a, a and r ar(^ constants ami r stands for the exponential; and that the 
eituilibrium constant a should be replaced by p where, 

p ~ a f (a j- c) X -f ax log^.r . . (2) 

(hiow'TH IN Indian Fheshwater Prawns 
OF THE Genus Palaemon 

Besides summarising a larger body of data from animal and plant kingdoms 
Huxley (op. rif.) has also indicated the various holds in biology whi(;h require 
intensive investigations. One such field is Taxonomy. For the purpose of syste- 
matic Zoology where body proportions often play important role in delimitation 
of species, investigation on relative growth of parts in relation to the rest of the 
hody, or in relation to eacli other, can tlirow much light on the true taxonomic 
status of species. The precise mathematical treatment easily defines tlie limits of 
species and thus eliminates a lot of (jonfiision about dubious characters, which 
otherwise often arises and results in the false establishment of new' species. 

Decapoda Crustacea have always been very illustrative example for relative 
growth. The genus Palaemon is a decapod Crustacea. It occurs mostly in the 
freshwaters of the tropics and sub-tropics. It belongs to the group Macrura or 
the prawn with a long abdomen. In India there are over three dozen species of 
this genus showing all sizes of body and appendages. One striking feature in most 
of these species is the conspicuously large grow th that the second pair of chelipeds 
attain after some age. 
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With respect to the size of the second pair of chelipeds Indian species can be 
easily divided into three groups, viz., those with slender chelipeds which are much 
shorter than the body, those with shorter but stouter chelipeds and those inwhich 
these appendages are very long and strongly built. While some species belonging 
to the last group have been subjected to rosearclies on relative growth (Huxley, 
op. cit., Tazolaar, 1930, etc.), no work has been done on species of other groups. 

The author of the present paper has taken for study the following four species 
of Palaenion Fabr. of the other groups : 

(i) Palaemon dayanus Henderson (87 male and 00 female specimens), 

(ii) Palaemon lamarrei H. Milnc-Edwards (74 male and 80 female specimens), 

(iii) Palaemon Kistnensis Tiwari (53 male and 43 female specimens), and 

(iv) Palaemon hendersoni DeMan (90 male and 09 female specimens), some 
discussion on the last one of which has already been done by the author 
(1957, 1958). 

These represent two ty})es, each typo having certain specific growth behaviour 
wlii(^h is manifested in the differences in the growth ratios of the whole limbs and 
their component constituents. Of these P. dayanus and P. lamarrei are very widely 
distributed throughout the Indian plains and a major part of the peninsula, while 
the other two have restricted distribution. 

Material and Measurement 

The studies hero have been solely confined to the growth behaviour of the, 
second pair of chelipeds, in the light of the above formula (1) for growth, in males 
and females of the species named here. The Director, Zoologic^al Survey of India 
has done me the favour of jiroviding with the material which is now kept in the 
reserve collections of the Z.S.I. 

Sliding chelipers fitted with graduated dial which could read directly upto 
the first place of decimals were used to moasuro length (in millimetres) in the 
following way : 

(i) Length of the carapace was measured in a straight line between the 
orbital edge and the posterior border, 

(ii) Lengths of the segments of the cheliped were measured dorsally in a 
single straight line, and 

(iii) The total length of the cheliped (for which the abbreviation Ch. will 
be used henceforth) was calculated by adding up the lengths of the 
Ischium, Merus, Carpus, Propodus and the Dactylus (abbreviations : 
Is., Me., Ca., Pro. and Dac. respectively). In a cheliped there are seven 
such segments, but the first two. viz., coxa and basis are firmly fused 
with the Is. and are of negligible length. 

Further, as some extraneous factor like autotomy and regeneration alone 
could possibly be responsible for the outward difference in the lengths of the dextral 
and sinistral second chelipeds, which should basically have no distinction in their 
growth rates, the length of the larger of the two chelipeds only has been used in 
the data. 


Observations and Calculations 

The values of the log carapace length (log stands for the logarithm), denoted 
as JC, and of log length of the cheliped or its segments, denoted as Y , have been 
grouped for X, as shown in Table 1 which gives for each group the average of 
the values of X and Y lying in it. 
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Tabi.e I 

Shoudng the. valuen of the group rwerage^ for X and 1' 


Group 


Xo. of Av'ora^M* - 

X Is. 


Mo. 


Averuge Y 
Ca. Pro. 


Ghc. 


Ch. 


P. <layanuH (males) 


0 . 85 - 

0.88 

4 

0 . H(i»2 

0 . 4352 

0 . 5592 

0.0003 

0.4210 

0.3472 

1 . 1 !)03 

0.88 

0.91 

1 1 

0 . 897 1 

0.4513 

0.5770 

O.09CU 

0 . 45 1 2 

0.3710 

1 .2223 

O.itl 

0 . 94 

1 1 

0.9285 

(».4024 

0 . 5920 

0.7000 

0.4814 

0.3947 

1 .2410 

().S)4 

0.97 

9 

().vtr)74 

0.4957 

0.0343 

0.7290 

0.5153 

.4312 

1 .2732 

0 . 1)7 - 

1 .00 

9 

0.9780 

0.5338 

0.0355 

0.7507 

0.5479 

0 . 4055 

1 . 2953 

1 .00 

1 .03 

13 

1 .0111 

0 . 57 1 5 

0.0928 

0.7004 

0 . 5795 

0.4900 

1 .3277 

1 .03 

1 .00 

1 

1 .0509 

0.0201 

0.7070 

0.7931 

0 . 0335 

0.5185 

1 . 3033 

1 .00 

1 .09 

1 1 

1 .0738 

iK0417 

0.7335 

0 . 8097 

0.0450 

(».5714 

1 .3871 

1 .09 

1 . 12 

5 

1 . 1004 

0.0802 

0.7017 

0.8280 

0.f>83S 

0.0000 

1.4184 

1 . 12 

I . 15 

4 

1 . 1414 

0.7035 

0.7955 

0 . 8581) 

0.7380 

0.0458 

1 .45.37 

1 . 15 - 

1 .18 

4 

1 . 1 035 

0.7370 

0.8272 

0.8850 

0.7099 

0 . 0832 

1 . 4855 

1.18- 

1 .21 

2 

1 . 1902 

0.7703 

0.8500 

0 . 9047 

0.8021 

0.7007 

1 .5093 

1 .21 

1.24 

o 

1 .23114 

0.7952 

0.8882 

0.9304 

0.8449 

0.7098 

1 . 5502 

1 . 24- 

1 .27 

I 

1 .2577 

0.7973 

0.9031 

0 . 9395 

0 . 85 1 5 

0.7708 

1 . 5559 





P. dayamis (females) 




0 . 00- 

0.93 

1 

0.9031 

0 .4914 

0 . 5 1 85 

0.7070 

0.591 1 

0.3802 

1 .2504 

0 . !»3 

() . 90 

1 

0.9590 

0.5315 

0.591 1 

0.7451 

0.0100 

0.4314 

1 .2945 

o.otv 

0 . 99 

4 

0.9705 

0 . 5340 

0.0041 

0.7050 

0.0308 

0.4392 

1 .3004 

It . Olt - 

1 .02 

7 

1 .0098 

0.5727 

0 . 0300 

0.7899 

0.(’)403 

0.4707 

1 . 

1 .02 

1 .05 

9 

1 .0378 

0.0031 

0 . 0022 

0 . s 1 s:i 

0.0574 

0.4959 

1 . 3504 

1 .05 

1 .08 

14 

1 .0081 

(i.r>3n 

0.r>943 

O.H207 

0.0001 

0.5314 

1 .3788 

1 .08- 

1 11 

17 

1 .0930 

t ).(■>:") 1 1 

0.7233 

O.S291 

0.0730 

0.5588 

1 . 3900 

1.11 

1.14 

9 

1 . 1 1 83 

(^.0750 

0.7500 

0.8501 

0.0972 

0.5080 

1 . 41 85 

1 . 14 

1.17 

3 

1 . 1572 

0.7045 

O.7707 

O.S75r> 

0.7193 

0 . 0089 

1 .4437 

1.17 

-1 .20 

1 

1 . 1703 

0.7243 

0.7752 

0.8805 

0.7404 

(P0434 

1 .4003 





P. laiiuHTei (m>iU‘s) 




O.OHO 

0 . 095 

4 

0.0880 

0. 1052 

0.2070 

0.4004 

-0.0754 

-0.0909 

0.8033 

0 . 095 

0.710 

4 

0.7012 

0. 1380 

0.2785 

0.4425 

0.0030 

- 0.0802 

0.8879 

0.710 

0.725 

9 

0.7234 

0. 1847 

0.2923 

0.4024 

-0.0190 

-0.0005 

0.9177 

0 . 725 

0.740 

1 

0.7324 

0.2040 

0.3243 

0.4770 

0.0088 

-0.0550 

<1.9344 

0 . 740 

0.755 

11 

0.7439 

0.2232 

0 . 

0.4997 

o.oi;u) 

- 0 . 0209 

0.9553 

0.755- 

0.770 

13 

0.7594 

0.2587 

0 . 305S 

0.5009 

0.0253 

-0.0197 

0.9091 

0.770- 

0.785 

10 

0.7700 

0.2878 

0.3830 

0.5477 

0.0509 

0.0043 

0.9997 

0 . 785- 

0.800 

10 

0.7895 

o.304r) 

0.3902 

0 . 5574 

0.0070 

0.0253 

1 .0102 

0 . 800- 

0.815 

0 

0 . 8090 

0 . 3584 

0.4280 

0 . 5960 

0 . 0908 

0.0007 

1 .0511 

0.815- 

-0.830 

•> 

0.8228 

0 . 3856 

0.457S) 

0 . 0243 

0 . 1 200 

0.0804 

1 .0828 

0 . 830 - 

-0.845 

.■> 

0.8356 

0.4058 

0 . 4098 

0 . 0384 

0.1367 

0.0909 

1 .095(4 

0.845- 

-0.800 

2 

0.8451 

0.4232 

0.491 1 

(K0532 

0. 1401 

0 . 1 1 39 

1.1122 


P. lamarroi (females) 


0.800— -0.820 

4 

0.8145 

0.4133 

0.4945 

0.6627 

0.1004 

-0.0177 

1 . 0994 

0.820—0.840 

3 

0.8367 

0.4393 

0.5191 

0.6931 

0.1335 

0.0212 

1.1260 

0.840—0.860 

4 

0. 8558 

0.4620 

0.5391 

0.7095 

0. 1673 

0.0453 

1 . 1468 

0.860—0.880 

8 

0.8699 

0.4728 

0..5416 

0.7193 

0.1875 

0.0682 

1.1592 

0.880—0.900 

10 

0.8926 

0.4968 

0.5563 

0.7440 

0.2253 

0.0934 

1.1828 

0.900—0.920 

8 

0.9091 

0.518i» 

0.5723 

0.7576 

0.2553 

0.1106 

1.1999 

0 . 920—0 . 940 

9 

0.9333 

0.5425 

0.5883 

0.7811 

0 . 2906 

0. 1430 

1.2240 

0.940—0.960 

14 

0.9532 

0.5630 

0.6019 

0.7951 

0.3096 

0.1703 

1 . 2423 

0.960—0,980 

6 

0.9692 

0.5764 

0.6232 

0.8235 

0.3284 

0, 1847 

1.2615 

0.980—1.000 

4 

0.9878 

0.6016 

0.6304 

0.8338 

0.3641 

0.2201 

1.2780 

1.000—1.020 

5 

1.0120 

0.6274 

0.6503 

0 . 8525 

0.3874 

0.2430 

1.3016 

1.020—1.040 

5 

1.0294 

0.6468 

0.6646 

0.8774 

0.4314 

0.2833 

1 . 3268 
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Table— 1 (Oontd.) 


P. Kistnensis (males) 


0.765 -0.805 

»> 

0.7888 

0.3979 

0.4116 

0.5622 

0.1492 

0.0602 

1.0612 

0.805 -0.845 

4 

0.8356 

0.4302 

0.4733 

0.6045 

0.2040 

0.1052 

1.0992 

0.845—0.860 

7 

0.8547 

0 . 4548 

0.4872 

0.6214 

0.2304 

0.1139 

1.1190 

0.860—0.875 

15 

0.8608 

0.4579 

0.4938 

0.6393 

0.2419 

0.1418 

1.1297 

0.875—0.890 

12 

0.8784 

0.4658 

0.4978 

0.0400 

0.2502 

0. 1486 

1.1387 

0.890—0.905 

4 

0.8945 

0.4927 

0.5213 

0.6532 

0.2726 

0.1614 

1 . 1538 

0.905—0.945 

1 

0.9085 

0.5185 

0.5315 

0.6646 

0.2788 

0.1761 

1.1673 

0.945—0.985 

3 

0.9620 

0.5539 

0.5794 

0.7236 

0.3502 

0.2377 

1.2225 

0.985—1.025 

3 

1.0108 

0.6138 

0.6432 

0.7767 

0.4216 

0.2988 

1.2801 

1.025—1.065 

2 

1.0509 

0.6314 

0.6571 

0.7986 

0.4621 

0.3304 

1.3075 


P. Kiatiieneis (females) 


0.920-— 0.950 

2 

0.9368 

0.5563 

0.5854 

0.7282 

0.3520 

0.1901 

1.2201 

0 . 950—0 . 965 

2 

0.9638 

0.5080 

0.6074 

0.7404 

0.3802 

0.2304 

1.2405 

0.965—0.980 

3 

0.9743 

0.5843 

0.6170 

0.7482 

0.3979 

0.2480 

1.2526 

0.980—0.995 

5 

0.9859 

0.5933 

0.6229 

0.7505 

0.4182 

0.2647 

1.2586 

0.995— KOlO 

8 

1.0010 

0.5988 

0.6294 

0.7585 

0.4292 

0.2843 

1.2683 

1.010—1.025 

7 

1.0182 

0.6170 

0.6415 

0.7627 

0.4472 

0.2993 

1.2826 

1 . 025—1 . 040 

4 

1.0273 

0.6218 

0.6603 

0.7709 

0.4655 

0.3030 

1 . 2909 

1.040—1.055 

10 

1.0449 

0.6351 

0.6644 

0.7837 

0.4826 

0.3483 

1.3079 

1.055—1.085 

2 

1.0682 

0.6540 

0.6946 

0.7924 

0.5184 

0.3890 

1.3310 


The following values of equation (1) have been derived from the contents of 
Table 1 : 


Males : 
Is. 

Me. 

Ca. 

Pro. 

Dae. 

Ch. 

Females : 
Is. 

Me. 

Ca. 

Pro. 

Dac. 

Ch. 


P. DAYANUS 

y ~ 0. 11471a; <5. ^■^®33-o.037ooa:\ eo. 00210 

y .= 0.80324a; <O. 7683 l + 0.0ll22X) e- 0 . 02528 X 
y „ 0.58841a; < 0 . 07 i 36 - 0 , 02 i 99 a:> go.ossoea 

y ~ 0. 11331a; 0.47314-0. 03i08a;\ eo. 08493a; 

y ~ 0.14242a; <i.3i»i5~o.oi5iix) eo.oasaox 

y ~ 1 .39701a; <i.i^o^2~o.oi707x^ eo.o^’ssx 

y ™ 5.24951a; <- 0 . 12261 - 0 . 08038x\ g-o»2o774* 

y = 0.04292a; (i. 02579 - 0 . 00433 X) eo*28530x 

y ~ 0.80834a; (o.860i4-o,oi898x\ eo.o4080x 
y — 26.60003x (-o. 05390 - 0 . iiesoaf) e-o.soiosx 
y ~ 0.01141a; < 2 . 04488-0, 0978ix\ eo.i7622x 

y = 11.35090a; < 0 . 33670 - 0 . 04802 *) e“ 0 ,J 2822 * 
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Table— 1 {cantd.) 

P. LAMMABHEI 

Males 

Is. 0 . 00002x eo. 3702 : 1 ^ 

Me. y^ 1 .40407x e-o.3‘’J327J^ 

Ca. 0.05r>r)0x <2 . 1321 1^) ^0.2272.^3^ 

Pro. // 0 . 0618 ( 0 - “.’^‘-^‘^63-0 oar.:. Mr » go. on 31 iJ' 

Dae. y - 2 . .‘12794x ^ o.:.3H.37r 

(.’h. 7 - O. 73802 J:- ‘ 1*46082 + 0. olo.jaar' g-o. 03 .'io.';.r 

Females . 


is. 7 - 0 . 39 r> 40 ./* ‘ 1 . 0 1090 M). 007 283 *) g o . 01 j:jr .3 

M('. 7 (», (}3626.r <0.84024- 0,0093 13:) go.oiorii r 

Ca, 7 1 , 22722 x <0.74380 *0.027 10 X» g-o, 039303' 

Pro. y 0 . 19225 j; <i.08M7o*o.ori248a") g - 0.11 i>o*) 3 ' 

I.)ae. 7 ~ 0 . 27071 a: ‘0.78361+0.07 1133-) e--o.i394or 

Ch. 7 — :i. 167r>7j: ‘0.78412*0. 03i90Z)g-o.(>7ioor 


1 ^. KISTNENSI 8 

Males : 

Is. // ~: 0. I5868r- go.iir..M.r 

Me. y 0.05151a: ‘‘.!.o249H-o.i 23183-\ go.2r)037x 

Ca. 7 — O. lo778a: <1.04143-0.08007X1 go. 10443X 

Pro. 7 — 0 . 14627a- < i. 2 '‘*‘ 03 -o.oo 77 Sxi eo.oiaoix 

Dae. y^ 0 . 10764a: 27021 o.oji-jjiX) go.o4824x 

Ch. y ~ 0.88976x n ..33401-0.01 403X) e 0 . 09577 X 


Females : 

la. y — - 0 . 42586a: (0.97733-0. 0204ex) go.o40iox 

Me. y ~ 66.49880a: 07954 + 0 . 19036X1 e~o.4487ix 

Ca. y ~ 5.40513a; fo. 02768+0, 04580X) g-o.io632X 

Pro. y~ 0. 76230a: (0.64748+0. 0G921X1 g~o. 15990 

Dac. y 0.50058a: (0.00420+0. os725x^ g-o.2o687x 

Ch. y = 18. 17380a: (*“0.00219+0, 07828X) g-o.i7783x 
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Table II 

Shaving; the values of p for the cheUped and its segments 


JT 

Ih. 

Me. 

Ca. 

Pro. 

Dae. 

Ch. 

P. dayaniis (mnlea) 

7 . 40 

1 . 3365 

0.8205 

0.8070 

1.3013 

I . 2664 

1 . 102) 

7 . 80 

1 . 3085 

o.s:i()3 

0 . 8800 

1 . 3607 

1 . 2553 

1.0899 

S.4S 

1.2732 

0 . 8425 

0.8007 

1 . 3424 

1.2413 

1.0745 

0 . 07 

1.2368 

0.85.'i2 

0 . 8308 

1.3061 

1 . 2268 

1 . 0584 


1.2077 

0.8652 

0.8229 

1.2012 

1.2152 

1 . 0456 

10 . 26 

1.1584 

0 . 882 1 

0 . 7046 

1 . 2524 

1 . 1056 

1.0236 

11.40 

1.0786 

0 . 0004 

0.7485 

1 . 1805 

1 . 1630 

0.0880 

1 1 . 85 

1.0458 

0.0205 

1.7205 

1 . 1 636 

1 . 1508 

0.0734 

12. 7S 

0.0760 

0.0440 

0 . 6894 

1 . 108.7 

1 . 1232 

0 . 0424 

13.85 

0 . S'.t34 

0.0720 

0.6413 

1 . 0424 

1 . 0000 

0.0050 

14.57 

0.8357 

0.tl!U4 

0.6078 

0 . 0063 

1 .0670 

0.8790 

1 5 . 40 

0.7601 

1 .0108 

0 . 5640 

0.0356 

1 . 0367 

0.8447 

1 7 . 00 

0.6310 

1 . 0.797 

0.4806 

0.8320 

0.0855 

0.7868 

18.10 

0 . 535 1 

1.0921 

0.4334 

0.7551 

0 . 0467 

0.7429 

IMoan 

1.0100 

0.0287 

0.7142 

1 . 1412 

1 . 1403 

0.9012 




P. 

day an us (females) 



8.00 

0.3437 

1.4840 

0.7636 

-0.1806 

-0 . 3208 

0.5088 

0.10 

0.5090 

1.3137 

0.7280 

O.Olll 

-0,0037 

0 . 5804 

0.47 

0.5677 

1 . 2520 

0.7154 

0.0828 

0. 1572 

0.6182 

10.23 

0 . 6900 

1.1248 

0.6880 

0.2336 

0.4221 

0.6700 

10.01 

0.8057 

1 . 0052 

0.6642 

0.3740 

0.6704 

0.7350 

11.70 

0.0435 

0.8616 

0.6344 

0.5448 

0 . 9604 

0.8045 

12.41 

1.0711 

0.7283 

0.6070 

0.7028 

1.2474 

0.8683 

13.13 

1.2048 

0.5883 

0.5781 

0.8686 

1 . 5307 

0.9354 

14.36 

1 . 4403 

0.3417 

0.5517 

1.1618 

2 . 0560 

1 .0541 

14.80 

1.5268 

0.2511 

0.5086 

1 . 2605 

2.2461 

1.0979 

Moan 

0.9104 

0.8053 

0.6440 

0.5060 

0,8984 

0.7892 


P, lamarrei (maloe) 


4.88 

2.4103 

1.0510 

1 . 7985 

1.4861 

0.7541 

1.5331 

5.03 

2.3527 

1.1060 

1.7612 

1.4763 

0.8405 

1.5387 

5 . 29 

2.2501 

1.2041 

1 . 6947 

1.4589 

0.9041 

1.5480 

5 . 40 

2.2060 

1.2461 

1.6662 

1.4515 

1.0601 

1.5520 

5 . 54 

2.1484 

1.3010 

1.6014 

1.4417 

1.1463 

1 . 5572 

5.75 

2.0639 

1.3816 

1.5743 

1.4274 

1.2727 

1 . 5648 

5 . 97 

1.9710 

1.4701 

1.5143 

1.4116 

1.4118 

1.5732 

6.16 

1 . 8904 

1 . 5469 

1.4622 

1 . 3980 

1.5323 

1.5804 

6.46 

1 . 7640 

1 . 6670 

1.3807 

1 . 3766 

1.7210 

1.5919 

6.65 

1.6758 

1.7510 

1.3237 

1.3617 

1 . 8528 

1.5998 

6.85 

1.5863 

1.8360 

1.2660 

1 . 3465 

1 . 9864 

1.6079 

7.00 

1.6180 

1.9010 

1.2220 

1.3349 

2.0886 

1.6141 

Mean 

1 . 9864 

1.4552 

1.5221 

1.4143 

1.3884 

1.5718 
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Table ir — (Contd.) 
P. lamarrei (fomalee) 


6.52 

1.0479 

0.7983 

0.8658 

1 . 2964 

1 .0780 

0.9127 

6.87 

1 .0518 

0.7924 

0.8819 

I . 3260 

1.1187 

0 . 9307 

7.17 

1 . 0559 

0.7872 

0.8965 

1 . 3528 

1 . 1558 

0.9471 

7.41 

1.0591 

0.7830 

0.9081 

1 . 3744 

1 .1854 

O.90O1 

7.81 

1 .0647 

0.7757 

0.9281 

1.4112 

1.2361 

0.9826 

8. 1 J 

1 . 0690 

0.7702 

0.9436 

1.4397 

1 . 2754 

1 .0000 

8.58 

1.0758 

0.7612 

0.9081 

1.4852 

1 . 3379 

1.0276 

8 . 98 

1.0819 

0.753.5 

0.9897 

1 . 5252 

1 . 3930 

1 . 0520 

9.:i2 

1,0870 

0.7467 

1 . 0084 

1 . 5598 

1 . 4405 

1.0730 

9.72 

1 . 0994 

0.7385 

1.0311 

1.6019 

1.4983 

1 . 0987 

10.28 

I . 1023 

0.7270 

1 . 0632 

1.6615 

1 . 5803 

1 . 1350 

10.70 

1.1091 

0.7182 

1.0879 

1 . 7074 

1 . 6434 

1.1629 

Mean 

1 .0748 

0.7627 

0.9644 

1 .4785 

1.3286 

1 . 0235 


P. KistnonHis (males) 


6. 15 

1.1872 

1 . 4680 

I . 2687 

1 . 2026 

1 . 1528 

1 . 1603 

6.85 

1.1161 

1.3137 

1 . 1669 

1.1928 

1.1209 

1.1081 

7.16 

1 . 0835 

1 . 2427 

1.1200 

1.1881 

1 . 1063 

1 .0840 

7.36 

1 .0619 

1.1956 

1.0890 

1.1852 

1 . 0966 

1 .0680 

7 . 56 

1.0401 

1 . 1482 

1.0577 

1.1822 

1 .0867 

1 .0519 

7.84 

1 . 0087 

1.0799 

1.0127 

1.1778 

1 .0727 

1 . 0286 

8.10 

0.9795 

1.0165 

0.9708 

1. 1737 

1 .0616 

1 . 0070 

9. 16 

0.8550 

0.7455 

0.7923 

1 . 1564 

1.0039 

0.9145 

10.47 

0.6920 

0.3907 

0.5588 

1 . 1337 

0.9312 

0.7932 

11.40 

0.5704 

0.1256 

0.3845 

1.1169 

0.8769 

0.7022 

Moan 

0 . 9594 

0.9726 

0.9421 

1.1709 

1.0510 

0.9918 


P. Kistnonsia (females) 


8.05 

0.8173 

0.2379 

0.3588 

1.0540 

1.1977 

0.5974 

9.20 

0.7954 

0.4306 

0.4061 

1 . 1258 

1.2853 

0 . 6804 

9.43 

0.7802 

0-5117 

0.4260 

1.1560 

1.3222 

0.7152 

9.68 

0.7759 

0.6031 

0.4484 

1.1900 

1.3638 

0.7545 

10.02 

0.7610 

0.7285 

0.4791 

1 . 2367 

1.4209 

0.8084 

10.43 

0.7444 

0.8812 

0.5166 

1.2035 

1.4904 

0.8739 

10.65 

0.7348 

0.9650 

0.5370 

1.3247 

1.5285 

0 . 9098 

11.09 

0.7157 

1.1350 

0.5787 

1.3879 

1 . 6059 

0.9827 

11.70 

0.6884 

1.3764 

0.6377 

1.4776 

1.7158 

1.0860 

Mean 

0.7577 

0.7633 

0.4876 

1 . 2496 

1.4367 

0.8231 


Table 3 gives the values of the equilibrium constant ‘a’ of the siniple allo- 
inetry equation for the second cheliped and its segments. 
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Table jij 



Showinff the 

vahiea of 

a for t}ie cheliped and 

its segments 


Is. 

Mo. 

Ca. Pro. 

Dac. 

Oh. 

P. drtyiuiu.s 

0^ 

1 .o:tsr> 

0.9231 

0.7314 1.1031 

1 . 1500 

0.9725 

9 

0 . S90() 

0 . 9650 

0.0520 0.5207 

0.9490 

0.7730 

P. la. marroi 


2.0052 

1 . 4474 


1 .3790 

1 . 5705 

9 

1.0740 

0.7038 

0.0032 1.4770 

1 . 3245 

1.0202 




P. Kislnonsis 



(f 

0.0217 

0.0152 

0.8984 1.1054 

1.0337 

0.9044 

9 

0.7580 

0.7800 

0.4895 I .2515 

1 . 

0.8251 


It may he noted that the values of the difforeneo botwoon a and tlio corroB- 
])ondiiig mean />, for the segments are very small and may be due to the fluctuations 
of sampling and the insuffici(mt size of the data. The growth -gradient pattern 
obtained by taking centres of homologous r(‘.gions at ecpial distances along the 
x-axis and the corresponding value of a .along the y-axis, can therefore bo said 
to bo one obtaitied by properly pooling together a number of component patt/Orns 
occurring for different values of x and y in the phase of growth. 

It is seen that there is only one ])haso of growth in the male and the female 
(ihelipods in each of the three species, other than P. hondersoni, with a progressive 
change in the successive values of the growth-coefficient. Text figures 1 and 2 
have been drawn to show respectively the growtli-gradient within the cheliped 

and tlie graph of ^ against the carapace length These may bo seen for the 

growth-gradient as follows : 

A. P. day aims 

The phase of growth in the males starts with a growth-centre in the Pro. and 
a j)oint of depression in the Me. which dovolopes into a growth-centre towards the 

end. From the values of and variance (/>), suitably estimated for the given 

sample size, it would be seen that in the males the Me. shows a progressive increase 
in it.s relative rate of growth and ultimately is the only positively hoterogonic joint. 
Other joints lose in the values of their relative growth rates, the loss being most 
marked in the Is. which is a high point at the start of the phase. Thus in the 
basal region of the organ, consisting of the Is. and the Me., this helps in cheeking 
the Is. from attaining a great length which may bo quite out of proportion with 
that of the Me. In the distal region forming the chela (i.e. the Pro. and the Dac.) 
the Pro. shows a more marked decrease in the value of tlie relative growth rate 
than the Dac. This similarly checks the Pro. from dominating over the Dac. which 
starts with a lower growth rate as well as the length. 
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The gradient in the female organ is much different from that in the male in 
that it starts with a growth-centre in the Me. and a point of depression in the Dac. 
which later dovelopes into a steep high point forming a region of greatest activity. 
I’ho relative growth rates for the I.s. ami the Pro. also sliow progressive increase 
in their values, it being more marked in the latter joint. In the basal region 
the I.s. forms a crusher joint. 

The order of the values of p changes from (Me., Ca., Dac., Is., Pro.) 
at I he start of the phase to (Ca., Is., Pro., Dac., Mo.) at the end of it, in 
th(5 male s(5gments; while in the female it changes from (Dac., Pro., Is., Ca., 
Me.) to (M('., Ca., Pn)., Is., Dac.). The higher value in the female choliped 
than in the mal<^ of a suitably calculated variation in the component growth- 
graditud patterns and tlie comparison of the values of the rank ( orrelation 
botw(Kui the initial and the final orders of p in the two (dielipeds sliow that 
the gradient in the bunale is much more marker! than the one in the male. This 
shows a mucdi mor stable state of growth in th(‘ male organ than in tlu^ female 
one, ami is associated with a more rapkl shift of the growth-centn^ from the basal 
region to th<^ distal region in the female cheliped than the one from the distal 
to the basal region in th(? male cheliped. 


B. P. lamarre.i 


The growHi-gradiont in the male cheliped starts with a growth-centre in the 
Ca. and, as in the males of P. dayanus, a point of do])ression in the Mo. which 
develops into a gr )wth-cfuitro tr wards the end of the phase. There is a progressive 
imu’case in the value of tin relative growth rate fer the Me. and the Dac. it being 
gnab'r in tin lattrT joint whicli develops into a high print at tlie end of the phase. 
The Is. forms a high point at the start but loses in its relati\e growth rate value 
most rapidly. lu the basal region the Mo. shows a progressively increasing value 
of the relative growth rate and this helps iii controlling the Is. from liecoming the 
crusher over tlu^ Me. (compare with P. dayanus). In tlio distal region tlie jiro- 

dx 

makes tlie Dac. a distinct crusher joint. 


gressively increasing p coujiled w'ith its high variance and rapidly increasing ^ 


There is no change in the growth-gradient pattern throughout the phase, thus 
showing a stable state of growth in (he female cheliped of this spec ies. Pro. ferms 
a grow’th-eoiitro hero. Idio positively hetorogonic joints hero are the Is., Dac. 
and the Pro., ami later the Ca. al.so dovelopes into the saino. These joints show 
progrossiv^e inc'reaso in the values of their relative growth rates, it being most marked 
in the Da(\, in tlie basal region the Is. forms the eruslior. 

It is seen that the order of the values ot f> changes from (Dae., M<c, Pro., 
Ca., Is.) to (Ca., Pro., Is., Mo., Dae.) in the male cheliped, whereas in the female 
it remains the same throughout the phase, viz., (Mo., Ca., Is., Dac., Pro.). This 
shows that the gradient in the female ehelipod remains perfectly unchanged for 
all lengths of the elioliped whereas in the male it is a changing one and is associated 
with a rapid shift of the grow^th-eontre from the central (Ca.) to the basal (Me.) 
region. 


C. P. Khsttie7iK^is 

In the male cheliped it starts with a growth- centre in the Mo. which becomes 
a point of depression between the neighbouring joints the Is. and the Ca. towards 
the end of the ])haso when the Pro. forms a growth-centre and remains as the 
only positively hoterogonic joint. There is a progressive decrease in the values 
of the relative grow th rate for all the joints. 

In the female organ the Me. which is a point of depression at the start, dovelopes 
into a growth-centre towards the end of the phase when the positively hoterogonic 
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joints are the Mo., Ca., Pro. and the Dao., of which the last forms a high point 
throughout the phase. Except the Is. all the joints show progressive iucroase in 
the values of their relative growth rates, it being greatest in the Mo. In the basal 
region, as in the males of P. dayaniis and P. lamarroi, the Is. is kept from attaining 
a conspicuously larger length than the Me. 

The order of the values of p changes from (Dac., Is., Pro., Ca., Mo.) to (Me., 
Ca., Is., Dac., Pro.) in the male cheliped and from (Mo,, Ca., Is., Pro., Dac.,) to 
(Ca., Is., Me., Pro., Dac.). The correlation between the initial ami the final orders 
is negative in the male and positive in the fenialo. Also, the variation in the growth- 
gradient })atterns in the male cheliped is nnicli higher than one in the female. These 
show that the gradient in the male cheliped is highly marked (as is associated with 
a rapid shift of the growth-centre from the Me. of the basal r<»gion to the Pro. 
of the distal region), whereas in the female chelijiod the gradient is very stable 
and is associated with only a slow development of hcterogony in the Me. and a 
progressive and gradual change in the value of the relative growth rate for each 
of the other segments of the organ. 

It has already been mentioned by the author (op, cit.) that in P. hondorsoni 
the gradient in the male cheliped (I Phase) is more marked than in the females 
In fact, in the male cheliped (I Phase) there takes place a rapid progress in the value 
of the relative growth rates in the segments of the distal region, a steep fall from 
a positive to a negative hcterogony in the central region and a develojimont of the 
growth-centre in the Me. of the basal region. In the setjond phase of growth of 
the male cheliped, liowover, a very high value of the variation in the componoTit 
growtli -gradient patterns and a positive rank correlation between the initial and 
the final orders of the valuers of p sliow a highly marked growth-gradient progress- 
ing in one direction only and resulting in the progress from a less to a more steep 
growth-centre at the Pro, of the distal region and a development of another, but 
less marked, growth -centre at the Me. of the basal region of the organ. 
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Text-ftg. 1(b). 

Growth- gradient within the cheliped in 
P. dayonus henderson (female). 







Text-fig. 1(d). 

Growth-gradient within the cheliped in 
P. lamarrei H. Milne-Edwards (female). 


230 B. K. MiyKA : a statistical study of growth in parts of the second 



Tkxt-fkj. 1(o). 

(Tiowth-gruflioiu within the cholipod in 
P. KiHtnensis Tiwari (male). 



Text-fig. 1(f). 

Growth-gradient within the cheliped in 
P. Kietneneie Tiwari (female). 
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Tkxt-fio. 2(b). 


dp 


Group of ^ against the carapace length x in 
(tsc 

P, dayanus henderson (female)* 













ON THE SWTMBLADDER ANT) ITwS CONNECTION WITH THE INTERNAL 

EAR IN FAMILY CICHLIDAE 

Padmakar V'. Dehadrai, Departmfnt of Zoology, Delhi Uniiwrsityy Delhi 
(Communicated by M. L. Bhatia, F. N. I.) 

{Received Dere^nher 15, 195S; read March 6, 1959) 

Abstkac^t 


Tho HwimblafUlf^r of tho Ktropluf< of tho family Cichliriao i« dosoribed in detail. 

VV’^ork has alno hofm earried out on T. mo/tsamhira, an African member of Cielilidae. 

The ^^encrie variat iona in the awimhlafhler may t>e of ayrttematic x aliic. The 8pecific 
V'ariationH in the atructure of the Hwimblachler within the genua Ktroplus have also })een 
emphaaizod. 

The two ohambora of the swimbladdor* partitioned by a perforated diaphragm, appear 
to he functionally different. The largo and thicker anterior c)iamber lodges the gas gland 
and retia mirabilia and serves for the secretion of tlie gases. The posterior chamber, smaller 
and thinner, is the seat of gas resorption. 

Microscopical study of the swimbladder reveals the usual histological structures. 

The peculiar nature of the ear-swiml>lndder relation by means of auditory caeca which 
lie appos('d to the t<'ndinous pads, in the genus Ktroplus, has been dfvscribed for the first time, 
which is characteristic of its own. 

The dual function of the tendinous pad.s which plug the auditory fontanelle is explained. 

It has boon jjossible to amplify the <lescription of the swimbladder of the genus Ktroplus 
given by Day (188ft). 


Imtboditction 

The present paper is second of the series, in which a general morphological 
and histological stinly of the swimbladder of the Indian toleostean iislies lias been 
undertaken. The first record of this series is on the swimbladder of genus Noto- 
pferus (Lacopede) (Dehadrai, 1957). 

In the course of investigations on the swimbladder of common toleostean fishes 
of India, certain peendiarities were noticed in the structure of the swimbladder 
of Cichlid fishes. Considering the paucity of literature on the structure of the 
swimbladder of Ciclilid fishes, the present work on the genus Ktroplus'^ (Cuv. & Val.), 
was attempt/cxl. Investigations were done also on Tilapia tywssamhico, (Andrew 
Smith), an African member of Cichlidae. 

Historical Resume 

Authors like Gunther (1861), Regan (1905a, b, c ; 1906r/, e ; I913<f), Bridge and 
Boulenger (1910), Weber and de Beaufort (1922), Trewavas (1933), Berg (1940) 
etc., have made no reference to the structure of the swimbladder in their account 
of the family Cichlidae. Day (1889) described the swimbladder of genus Ktroplus 
as ‘The air vessel present, large and simple”. 

Material and Methods 

Only one genus of Cichlid fishes, namely, Ktroplus is found in India. It includes 
oidy three species, K, suratensis (Bloch), E, 'irmculatus (Bloch), E. ainarensis (Day), 
all of which are confined to South India. A recently introduced African member 
of Cichlidae Tilapia wossanibica is being cultured in a few states of India like 
Bengal and Kerala. 


♦ Formerly, genus KtropLits was included in family Chroxnidae. * 
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Specimens preserved in formalin were obtained from Kerala. A few specimens 
fixed in Bouins’ picro-acoto-formol solution, were also procured from Kerala for 
histological studios. 

For morphological studies, the fishes wore dissected laterally so as to expose 
the swim bladder. For histological studies, sections were cut at 0/4 — 8/^ and wore 
stained in Delafield's haematoxylin and counterstained by alcoholic oosiii. Borax 
carmine was used for whole flat mounts. 


Gross Anatomy 

Externally, the swimbladder of genus Etroplus is a large, smooth sac with 
a satii\y texture, lying deep in the abdominal cavity (Fig. 1). A specimen of E. 

measuring If). 3 cm. has a swimbladder f). 7 cm. long. In genus Elroplus, 
the swimbladder forks anteriorly into two tubular caeca, which extend beyond the 
abdominal cavity and e8tal)lish an anatomical relation with the auditory capsules 
(Fig. I). Posteriorly', the swiml)ladder arches gently and gets tirmly attached 
with the first haemal arch. 


5 b. 



Diagram showing tho swimbladder and its associated organs in Etrophia suratensis, 
a.c., alimentary canal; artery; au.cxt,, auditory r3apsiile; au.cae., auditory caecum, 
coc.a., coeliaco-mosonteric artery; /e, nerve; sb,, .swimbladder. 

The swimbladder of 2\ mossamhica is similar to tliat of genus Etroplus in 
structural details, except for a few differences. In a specimen of T. mossambica 
measuring 17 cm. the swimbladder is 5.8 cm. long. Moreover, the anterior forked 
caeca in mossambica do not reach upto the auditory capsules and as such tho ear- 
s\\'imbladder relation in this fish is wanting (Fig. 2). 

In the genus Etroplus, on the mid-ventral lino of tho swimbladder runs a cord 
of tendon, which ascending along the posterior curve of the swimbladder is conti- 
nuous with a similar cord on the mid-dorsal line. This dorsal tendinous cord 
bifurcates In front. Each of the branches courses along the inner margin of the 
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auditory caecum of its side and enters through the outer opening in the auditor}^ 
fontanolle in the form of an oval, flattened tendinous pafl (Fig. 3b). . The auditory 
fontanelle is a large cavity, situated on the posterior wall of the auditory capsule 



Text-fic;. 2. 

OiajK^ram whowing tho Hvvim})lu(l<i<T and its associatod orgaiis in TU(i]yt(i ')}fOss(t nthicn 
alimontary (?anal; <i,cae.., anterior caecum; .v6., swimbladdrr. 



a — Swimbladdt^r of Tilapia nwssaniJhim (ventral view), a.cli., anterior chamber; a.cae., 
anterior oaociun; rf, diaphragm; g.gl.y gas gland; p.ch., posterior chamber; r., retm; 
sp,, sphincter. 

6. — Swimbladdor of Etroplus suratemis a.ch.., anterior chamber; au.cae,, auditory caecum; 
(/,, diaphragm; d.tx.^ dorsal tendinous cord; g^gl.^ gas gland; p.cfi,, posterior chamber; 
sp., sphincter; t.p.^ tendinous pad; v.tx.y ventral tendinous cord; 
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on either side of the occipital condyle. The tendinous pad tits as a plug, its rim 
fitting snugly into a shelf situated deep in the auditory fontauelle and thus closing 
the connnunication between it and the auditory ca}>sule. 

Internally, the swirnbladder in the family Oidilidae, consists of an anterior 
and a posterior chamber separated by a well devolopcul perforatod diaphragm. 
The posterior chamber is about one fourth of the total length of the swirnbladder. 
The anterior chamber communicates with the posterior chamber through a perfora- 
tion which is a sjiliincter, situated more towards the ventral side of the 
diaphragm (Fig. 3a, b). 

The spliincter in the genus Elroplus is formed by six or seven circular bands of 
musc le fibres and a few scattered tangentially radiating muscle fibres (Fig. 4b). 
But the S]diincter in the swirnbladder of T. mo^^sanihiai is very strong and prominent. 
It is made of a number of c-oncjentric rings of thi(*k mns(4e fibres and about seventeen 
thick, radiating bands of mnscl(3 fibres (Fig. 4a). These two sots of muscle fibres 
are interwoven and some of the radiating muscle bands ramify at the periphery. 



Text- FIG. 4. 

a. — Diagram of the whole moimt of the diaphragm of T. mossamhica showing the sphincter. 

c.7n.f.y circular muscle fibres; r.7n,f., radiating muscle fibres. 

b. — Diagram of the whole mount of the diaphragm of E, suratenaia showing the sphincter. 

cjn.f.y circular muscle fibres; t.r.in.f., tangentially radiating muscle fibres. 

The anterior chamber Icxlges the gas gland and the retia mirabilia. In E. 
svraipnsis (Fig. 3b), the gas gland is horse-shoe shaped and is disposed on the ventral 
wall of the swirnbladder, while in E. macvlaius, the gas gland is arranged in two 
rows of isolated jjatches. But in T. mossamhica, the gas gland is disposed on the 
ventral wall of the swirnbladder in a number of scattered patches of irregular shape 
and size (Fig. 3a). 

Arterial supply to the swirnbladder is from the eoeliaco- mesenteric artery. 
The blood vessel, the pneumatic artery, enters the swirnbladder at its anterior end, 
a little behind the forked caeca and breaks up into myriads of capillaries which form 
the retia mirabilia (Fig. 1). 

Tlie venous blood is drained by a vessel from the posterior chamber. The 
pneumatic vein thus formed eventually joins the posterior cardinal vein. 

The swirnbladder is innervated by the intestinal rami of the vagus nerve of 
each side. The nerve enters the swirnbladder along with the arterial blood vessel 
to the organ (Fig. 1), 
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Histolooy 

Swlnihladder toall : 

'rito Weill of tlio svviiiihladrlor is thick and consists of two distinct layers, the 
tunica externa and tuni(‘a interna. 'I'he tunica externa, a thick tough coat, is 
forfn(3d of clastic tibres and is highly coated witli guanine. The delicately thin 
tunica interna consists as usual of, 

a. an outer, Icjose, jollydik(^ layer of tibro-olastic tissue, 

b. a narrow, cinuilar layer of muscle tibres, the mnscularis mucosa, 
epitlutlial layer. 

The tunica interna of tin? posterior chamber is (iomparatively thinner than that 
of the anterior chamber and is abundantly supf)lied with l)l(K)d ca])illaries. 

(tas ijUind and Rptia rnirahdia : 

The gas gland (Fig. 5) consists of a mass of large polygonal colls forming a 
many layen^d glandular slru(dur<^ situated near the mnscularis mucosa. The 
gas gland is distributc^d on the vnmtral wall of the swinibladder in pat(;}ies, which 
are of deliniU^ sha[)e and size for dilferent spe(*ies. Ea(;h gas-gland-cell has a pro- 
minent nucleus. 



Tninsvorso section of tho tunica intorna of tho vswimbladdor of E. suratensifi through 

tho mtia and gas gland region, c.vi.f., circular muscle fibres; r., rotia; g.gl.y gas gland. 

The patches of the gas gland draw their blood supply from the retia mirabilia, 
which are formed by the large number of blood capillaries. 

Connectioi^ of the Swimbladdeh with the Internal Ear 

Membranous labyrinth of ear in genus Etroplu.^ consists, as usual, of tho 
utriculus, the semicircular canals, and the saccnlus. It is lodged in the auditory 
ca})sule formed by the otic bones. On tho posterior wall of tho auditory capsules 
are tho auditory fontauollo, which open near the utriculus. 

Each of the auditory eaet^a proceeds forward to estaldish a connection with 
tho auditory capsule of its side. Tunica externa of each of the auditory caeca is 
very tough and (teases abruptly by becoming inserted into the outer rim of the 
auditory fontanelle. But the tendinous cord of the tunica externa of each of the 
auditory caeca enters the auditory fontanelle of its side from near the inner margin 
and proceeds forward and dilates to form the tendinous pad, which closes the 
opening of the auditory capsules described above. The presence of this pad 
closing tho inner opening of tho auditory capsule, converts tho cavity of the auditory 
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toiitaiielle into a cup, which loclges the blind end of tlie tunica interna. Thus tho 
car-swiinbladder relation in tho genus Etroplus (Fig. (5), is through a close apjiosition 
of the blind end of tlie auditory caeca to the outer side of the tendinous pa<i in the 



Text-fio. 0 

Diagram showing tho ear-swimbladdor roiationship in E. siiratensiH with the auditory 
c.aooiim separated from the auditory foritanollo. au.ca,^ auditory capsule; au.cac. 
auditory caecum; auditory fontanellc; d.t.c.^ dorsal tendinous cord; h,sx.t hori- 

zontal semicircular canal; p.v.c., ])ostorior semicircular canal; r,u., rocossus utriculi; 

Lr., tunica externa; tunica interna; Lp., tendinous ])ad; u. utriculi. 

re.spe(;tive auditory fontanelle, while the inner surface of this pafl is bathed by tho 
f)erily?n[)h surrounding the inern])ranoua labyrinth of tho ear. 

Discussion 

Tho teleostean swimbladder has been a considerably debated organ owing 
to its diversity of form and fuiudions. The swimbladder of Cichlid fishes presents 
an interesting and more complicated structure than that described by Day (1889). 
By the present work it has been possible to elucidate the complex structural dis- 
position of the organ in Indian Cichlids. 

The Cichlid fishes of tlie genus Etroplus, which constitute one of the excellent 
food fishes of India, have laterally compressed body. The well developed, largo 
swimbladder provides them with an efficient adjustable float. The recently intro- 
duced African member of Cichlidae, T. mossarnhim, offers a fascinating comparative 
study of the swimbladder of Cichlid fishes available in India. The general structural 
disposition of the swimbladder in two genera Etroplus and Tilapia is remarkably 
similar. But the absence of tho ear-swimbladder relation in T, mossambica, may 
be mentioned as a definite generic difference in the structure of thes wimbladder. 
Further, tho specific differences within the genus Etrophis, is evidenced by the 
variety in the disposition of tho gas gland and retia mirabilia patches in the swim- 
bladder of different species. But the scarcity of Cichlid fauna in the Indian waters^ 
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hiii(lei.s a more detailed study ^^hich may throw light on the systematicB of this 
group. 

Idle pr(*soru;e of a tough tendinous cord on the dorsal and ventral sides of tlie 
.svvind>la“dder in genus Klroplvs, is very characteristic of its own. It appears to give 
co/jsideraf)le su])])ort to the swimhladder in maintaining its form. Moreover, the 
amlitory caeca of the swimhladder are also sujiported by the bifurcation of the 
florsal tendinous cord. The auditory caeca are finnly attaclied to the skull by 
means of th(^ tendinous })ads, w hich also ])lug the <)])ening of the auditory capsules. 

The two (hambers of the swimhladder partitioned by a well developed dia- 
phragm which possesses a sphincter, suggest the complex modification of the 
swimhladder in Cic hlidae. Hdie large anterior chamber, which }K)ssesseH the well- 
developc^d reiia miialjilia and th<> gas gland, is prominently modifu^d as a gas 
s(?cr(djng chambi^r. Idu? intimate association between the gas gland tissue and the 
smooth muscle layer (muscu laris mucosa) in the swirnbladdcr of Cic hlid fishes 
is worth numtioning. Its probable im])ortance in the gas secretion (Fange, 1958), 
is that the movcunents of mus(*ularis mucosa could have a mechanical efftH-.t upon 
the ndoiiso of n(n\ly formed gas bul)bles into the bladder. The j)osterior, thin 
w^alled, small chamlxu*, which has a co})iou8 suj^ply of the blood capillaries, provides 
a surface for tlu^ resorf)tion of gas. 

The passage of gas from one cham])cr to the other is coutrolled by the contrac- 
tion and n^laxatiou of the differeutly arranged muscle fibers of the spliincter that 
surround the j)erforation of the diaj)hr€agm. Tlu^ comparative study of the 
structure of the sphincter in genus Etroplffs and genus Tihrpia clearly shows the 
definite^ fuuclioual efficiency of the sphincter mechanism in the swimbladd(T of 
tnosmwhini. (hmerally the j)erforatiori of the diaphragm in teloostoaTi fishes 
o(um[)ios a c(mtral position. But in the specimons of Cichlids examined, the aperture 
was found to he present more towards the ventral periphery of the diaphragm. 

The most signifi(‘aut part of the organisation of the organ in genus Etroplus 
is its relation with tlu' iutxu’ual ear. The simple mode of coiij)ling botwe(m the 
sw iud)ladder and the ear by means of two anterior divorti(uda of the bladder wall 
which are dirocdly a])plied to the auditory capsules, has been report(‘d in many 
teleostean fishes like M((f(tlo))H (do Beaufort, 1909), Notopteridae (Bridge, 1900 ; 
llehadrai, 1957), the subfamily Morinae of Gadidae, (Parker, 1882 ; Haginan, 
1921; Svetovidovo, I92»7), the Borycidae and Priacanthidae, (Stannius, 1854), and 
the Sparidae, (Weber, 1820). etc. In addition to the examples mentioned above, 
genus Kti'oplus of the family Ciehlidao may also bo included in the above category. 

But a detailed study of tlie connection of the swimhladder of genus Eirojflus 
with its internal ear has brouglit to light certain modifications, which are charac- 
teristics of its ow n. And thus this mode of ear-sw imbladdor relation in the genus 
Eiroplus stands out quite different from those described by the earlier workers. 
The auditory caeca are not simply inserted into the auditory fontanelle, but are 
held firmly by the tendinous j)ads wlu’ch fit into the auditory fontanelle. Moreover, 
in place of the usual fibrous tissue membrane covering the auditory fontanelle, 
these tendinous pads serve as plugs closing the openings of the auditory capsules. 
Thus the dual function of the tendinous pad is remarkable. 

A number of dissections have confirmed that in genus Etrophis, the auditory 
fontanelle comnuinicates wdth tlie auditory capsules, internally near the ntriculus, 
wdiich suggests the obvious relation of the swimbladder with the pars superior. 
And a refinement of hydrostatic perception may be attributed to this elaborate 
mechanism of ear-sw ini bladder relation in genus On the basis of the 

above mentioned anatomical evidences, it may be suggested that fishes of the genus 
Etrophis may have certain advantages in pressure perception and manipulation 
of air- volume in the swimbladder over T, mossamhica, in which the ear-swinibladder 
relation is lacking. 
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OSCILLATIONS AND RHYTHM IN THE VITAL ACTIVITIES OF PLANTS*^ 
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ABSTRACT 

author notified oB^illatory varationsin the rates of several activities of plants when 
these; we;n; rccorderl at very shf)rt time-intervals. lOesigning suitable instruments, the author 
has reinvestigated and rf'cord('d the rates of l^hot f»synt)H sis. Absnij)ti( n < f water. Transpira- 
tion, Leaf niovemcnts. Weight changes. Kespirati< n, (ir<.wth and lL‘versib!c' Lira a i- changes, 
at intcuvuls ranging fr( m a few minutes to a few s< r-ends, and with magnificat i^ ns cf 400-6000 
according 1 o needs. M i< ro-rhang(‘H in length, weight or volume were recorded in all thc.sn 
activitirs, ami these have shown the o' < ur’cnc(; of freqiH nt and alnu st rr gular oscillation in 
the rate;. The duration, magnitmlc and frequency rvf these oscillations will be clmnging as a 
residt of tlie s<‘aHonal changes, nature of the plant, it<- tone and age, but the manifestation of 
regular oscillations, or variations, in the rate seems to be an inherent feature, henco rhythmic. 
While the diiratir n and frequency of tho major oscillatit ns are hours or minutes, the samo for 
tho fincBt oHcillntions will be a few soeorids or fra<ttion of a second. It is suggested that 
variations in pH, permeability, turgidity, <'nzymatie and other aetivit ies of plants, even at 
short intervals, may havt; a role in all these oreillatory changes. 

n’ho oseillations notic ral in tho rate of activities are also notir erl in the sizes of suceessiv''e 
plant -parts forimai from time to time, and these an' elosely related to tho annual, seasonal 
and intraseasonal variations in the growth c onditions. 'J'ho rhythmir* suceession of sunspot 
maxima, sea. onal and diurnal variations are refloctod in the activities of plants and animals. 

From tho tiiuo of its inception Life has been subjected to certain powerful 
influouces which happen to be ostdllatory and rhythmic in their nature. The 
periodic irdiuonco of the planets, the 8uns[)ot maxima following a certain rhythm, 
cosmic radiation which is more powerful than the most powerful X-ray (Sullivan, 
1939), the regidar succession of seasons and their peculiarities, the alternation of 
day and night, tho diurnal variation in the intoasity and (piality of light and the 
resulting variation in the electrical charges arc some of the intluencos to which 
Life had to adjust itself for its survival, development aiid pei’]^etuation. Thus the 
rate of any activity during a period seems to bo a general indication of tho condi-^ 
tions prevailing at the time. The striking contrast in the plant’s activity due to 
seasonal changes has left an indelible impression on the external as well as the 
internal structure of a plant. The general agreement between tho sunspot number, 
weather and growth tlirough ages has boon studied and recorded by Douglass 
1919), and tiiis has enabled him to explain the climatology of several places. Thus, 
according to him, the plant’s growth-rings are of great meteorological significance and 
very useful to explain tho changes in weather from time to time. From his observa- 
tions it is clear that there is a close relationship between the sunspot maxima and 
the sizes of growth -rings, and that tho major and minor peaks in the maxima occur 
at intervals of about 23 and 1 1 .4 years respectively. Less prominent peaks occur 
at intervals of a few years. The sunspot data collected by tho present author 
have revealed oscillatory variations in the number even at intervals of a few days. 
Since the sunspot number and ultraviolet radiation are directly related (Stetson, 
1937) it may bo inferred that significant variation in the ultraviolet constituent of 
light seems to be a possibility if one can judge from the changing number from day 
to day. At times a daily variation of 20-30% in this seems to be a possibility^ 
according to Stetson. This may be attended by variation in the electrical charges' 
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their reversibility and ionisation of air, thereby affecting the vital activities of 
plants. Since growth is the result of several factors it is not sur])rising that the 
slnicturo of a plant is an eflicient record of the weather (*hanges and climatology 
of places. From the work of Douglass it is possible to understand the importanoo 
of growth-rings in the study of these (‘hafiges from y<'ar to year, but the present 
author's vN ork (Krishna Iyengar. 11147, lOol and I DoS) is an atioinj)t to show that 
the external structure ol a plant can be made use of to explain ('hangers in growfii 
conditions not only from season to season but also from time to time during a 
season . 

In connection witlwtho several vital activities of ])lanls the author has pointed 
out that there are oscillatory variations in the rate, tluvso osiillations juanifesting 
themselves at short inter\ als of a few minutes or even a few sccomls. The eilicacy 
of short interval recording has been suiFniently stressed by the antlior in Ins ])aper 
on the leaf movements published in 1942. lh>se, a pioneer in the field, lias retnirded 
several activities of plants at sliort time-intervals designing suitable instruments 
for liis work. According to liijn these adivities are oscillatory and rliytlimic 
(Bose, 1923 and I92S). While there is mucli to bo said in its favour, it must 
be pointed out that his observations were mostly on ])lauts or Ilnur ])arts, 
nuder stinmlat ioii, lienee unnatural, and so fail to give a corred ])idure of a plant’s 
normal aihivities under natural conditions. It was tins situation uhiijli prompted 
the author to reiiu^i^stigato most of the vital a(‘tivities of ]>lants d(‘signing simple 
instruments to record all these at- short int(U*vals, (un])loying suitable magnilication, 
The author’s work on Photosynthevsis, Wat (^r- Absorption, Transpiration, Jlespiration, 
Growth, In5af-mo\ emerit, Riiversibh^ changes in the wiuglit and si/.(5 of tissues 
(Krishna Iyengar, 1942a, l942/>, 1943, 1944, l94()/>, 194()r) is an attmnpt to ])oint 
out and establish the oxistem^o of oscillations in all these activities and explain 
their significance. Tlie following is the review of the author’s work. 

Method of ajiprodch : 

During the course of his work, the author ponKuved that even a sim])lo activity 
like leafonovoment could furnish a clue to the ])lani’s working mc(jhanism, tone and 
daily ihythm, if only recjording was done at short time-int(U*vals, emjdoying a high 
magnification. It was thus found that the Kledro-Maguetic Recorder designed 
by tlio author in 1939 was inade(|uate on account of its low magnification. For 
this work the aiitlujr designed an Oj)tical Lever whi(?h could giv(i any magnification 
from 400 to OOOO. In combination with a sensitive balance any micro- changes 
in weiglit could be (let(’cted. A variation of 1/JOOO mg could be easily recorded, 
while with a little of effort even a diange of 1/5000 mg could bo rogistorod. The 
same optical lever with Float and Manometer in combination (.‘onld be used to 
record the smallest voliimotrio changes. This was used by the autlior in his experi- 
ments on absorption, osmosis and respiration, the smallest volumetric change 
recorded being .000001 ee. For studying the rate of growth and linear changes 
in the tissues, magnifications ranging from 400 to 6000 were employed. The smallest 
linear change recorded during this work happens to be .0001 mm. or in other words, 
1/10 //. Regarding experimental details, the author's several papers give a vivid 
account of these. >Siiic;e the autlior had to deal with A^ery high magnifications 
in many of his experiments, it w^as necessary to reduce the period of observation 
in most of those, precautions yet being taken to maintain the external conditions 
almost constant during the brief periods of observations. Different experiments 
required different recording intervals, ranging from a few minutes to a few seconds 
or oven less. Since the application of the ‘Float and Manometer’ principle was 
thought of after the publication of the paper on Photosynthesis (Krishna Iyengar, 
1942a), it can be stated that this principle can be applied to register this activity 
also, thus making this method an advance over the bubbler of Wilmott (1921) and 
the apparatus designed by the author in 1929. 
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No apparatus was necessary for the study of the seasonal and intraseasonal 
rate of growth. The sizes of roots, root-hairs, leaves, intornodes, axillary branches, 
flowers, fruits arul seeds were measured to find out the size-variation and the 
resulting oscillations. 

PlanV.^ activities and oscillations : 

The first att(unpt of the author in this line hapj)ens to be his ])aper on Photo- 
syntluisis published in 1942, th(^ clue for this work being th(‘ uii|>ublish(‘d data 
collected to test the working of the apparatus d(\signed by the author in 1929. The 
author has shown how the rate of activity — evolution of oxygen ha})pens to bo 
os<411at<»ry in sj»ito ol th(‘ (‘onstant ext(u*nal conditions, aiul ])ointed out that this 
is due to probabh^ fatigue, but not ‘Solarisation’ as explained by Ursprung (1917). 
A detailed encjuiry has shown that significant variations in the rate generally occur 
at intervals of 7-1 I ininutes. Finer ^cscillations in tlie rate are nifiorted to occur 
at ev(5n short<‘-r intervals of a minute or more. 

Tlie next aspec t studied liy the author was leaf-mov(mn‘.nt (Krishna Iyengar, 
I942/>). fn tliis ])ap(5r an (4fort has made' to c^stablisli th(’ general o( curreiu'c 

of th(^ autonomic; movemumt in all pulvinat(; and non-pulvinate loaves. A dcdailed 
eiujuiry has shown that this leaf-movcnmmt. follows a daily rhytlini. 44ie oscillatorv 
nature^ of tliese moveiiKuits at- long and short time intcu’vals signiticMl, though in- 
directly, the changing water-contemt of the [»lant-body. [n th(^ same ])aper the 
relat ionshif) IxdwcHUi the Iciaf-movcmumt, absorption and t ransj>iration has bcnni 
fliscussed in (hdail, and the oscillatory nature of all tliese activities has been pointed 
out. In this connectio’i there is a reference to the oscillations in Osmosis also. 

fn view ot the relationship lietwcnni th(» h^af-movenumt and the water-content 
of tlu^ plaid-body the author studied the weight cFangc^s in plants (Krishna Iyengar, 
1946). A preliminary note was jiublished in 1949. It was noticed that changes 
in winglit w(n’(*, mostly diu^ to the flu(;tuating water-content and that tliese were 
reversible, hence oscillatory, in their nature and followed a daily rh.ytlim. 44ie 
magnitude of variation in the water-content has been (‘andully Ilete.rmined, and 
atu'ording to the author, a daily \ariation ol about 15-20 ])er cent or more seems 
to be a ])ossibility in many })lants, depending on their kind. The author has tried 
to prove that the leaf-movement is an indirect indu'ation of the changing water- 
eontimt and that the direction ot movmnent denoted the changes towards the plus 
or minus siden 'fhe significance of these two as])ects in the daily life of a ])lant 
has been stressed. \ cry fine oscillations in weight at intervals of a minute or less 
are also r(^])ortod. According to the author, the magnitude, duration and frequency 
of tiucse major and minor oscillations will depend on the kind of plant, its age, 
condition and several other factors, but an inherent daily rhythm always manifests 
itself. Tho author has specially stressed that a clear idea of this daily rhythm 
and time factor is of great importance in all investigations on the qualitative, 
quantitative and osmotic; aspects of a plant, since different periods of the day might 
yield different results, in view of the significant variation in the water-content from 
time to time, as also the attendant variation in the rate of metabolic activdtios. 

The fine oscillations noticed in the leaf-movements and water-content made 
the author to take up a critical study of the beha\'iour of some of the homogeneous 
plant- tissues (Krishna Iyengar, 1946). A detailed investigation of this aspect 
seemed to be necessary in view of the fact that MacDougal (1921 and 1925) and 
MacDougal and Shreve (1924) had reported about the rhythmic daily changes in 
the diameter of the stem of some plants. A note on this subject was communicated 
to tlie Indian Science Congress of 1945. For studying this aspect several kinds of 
tissues wore carotully selected. All these manifested oscillatory linear changes 
when recording was done under very high magnification. Control experiments 
convinced the author that these changes formed a feature of the living tissues. 
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These oscillatory, hence i-oversible, linear changes were noticed at intervals of even 
3-4 seconds, the duration for the finest oscillation being less than a second. The 
author has tried to establish that the manifestation of these oscillatioTis is highly 
characteristic of all living tissues irrespective of their plant or animal origin. Thus 
the observations of the author form a distinct advance over those of Bose (1923), 
a(jcording to whom this feature is confined to a definite layer in the plant-body. 
However, the magnitude, duration and frocpiency of these oscillations may vary in 
the same plant, since the tone of the tissue, its age, daily and seasonal rhythm may 
affect them in a significant manner, 'riiose reversible changes, according to the 
author, denote, though indirectly, the reversihility of the several metabolic j>rocossos. 
Since the plant and animal tissues, especially muscles, show similar oscillatious, 
it may be inferred that a similar working mechanism is proscuit iu all living colls. 
In the author’s words the mechanism and its signifi(;anoe may bo .summed up as 
follows : 'T\w stimulation or depression due to variation in the intracellular 
concentration of COo, changing />H of the ])rotoj)last, and the stretching or shrin- 
king of the ])rot()plasm, the succ^eeding alteration in its structure, permeability and 
internal pressure are probably the successive stages })rocediug the linear and 
volumetric changes, forming thus a powerful mechanism of a living cioll.’ This has 
boon styled by the author as the ‘Vital Force’. The inado(]uacy of the ])hysical 
laws to account for the high rate of water-absorption by the plant, of diffusion of 
COo during photosynthesis, and of translocation of food materials in the plant-body, 
has beon pointed oiit not only by Miller (1931) but also by many others. According 
to the aullior, it is probably this ‘Vital Force’ which enables abH(>ri)tion, climinatiou, 
translocation of materials and diffusion of gases at a rate not at all possible 
according to physii.al laws alone. 

The constantly changing water-(jontont of the plant-body in an oscillatory 
manner, and tlu^ inf imate relationship between water-content and respiration (Bailey, 
& (lurja!*, 1918) made the author to take up the study of respiration, designing a 
suitable miciro-respiromoter for the investigations. This apparatus works on the 
‘Float and Manometar’ principle with the opthual lever in combination (Krishna 
Iyengar, 1944). This has se venial advantages over the typos designed and used 
by the previous workers (Osterhout & Ha ts, 1917, Lund, 1919, Davis, 1925, and 
Brown, 1942). The simj)le constnudion, higli magnification, easy handling, ofticiont 
working, and lastly direct observation instead of calculation at every stage, were 
the points in view of the author during tlie construction of the apparatus. This 
instrument enabled the recording of ovon traces of oxygen taken in by a germinat- 
ing seed. The oscillations in the rato of activity have been noticed ovon hero, and 
these seemed to follow a time law denoting the existence of a possible rhythm. The 
autlior has pointed out that those oscillations signify the presence of alternating 
periods of activity and depression as a result of the changing tone of the proto- 
plasm, and the intimately associated enzymatic action even at short intervals. 

The otlier aspect that was tackled was growth (Krishna Iyengar, 1943/>). Tbo 
importance of turgor x)ressure, or indirectly water- content, has boon stressed by 
Saclis (1873) and several others, and tlio work of the author on the loaf-movements 
and weight changes had already denoted the variations in the water-content even 
at intervals of loss than a minute. In addition to these there was Friesnor’s work 
(1920) stressing the x)resence of a daily rhythm in mitosis and growth of jilants. 
These wore resjionsible for the author’s attempt to reinvestigate this activity, 
employing high magnification and recording growth at short time -intervals. The 
data of Went (1925), Silborschmidt (1925) and Hoyn (1931) which showed oscilla- 
tions in the grow^th-rate but not reported by these authors strengthened the present 
author’s conviction that the oscillations noticed in the other activities should be 
present in growth also in view of the inter-relationship of the vital activities. Only 
the aspect of linear changes was taken up for a critical study. Growth in the 
vegetative structures and flower buds of many plants was recorded at intervals 



266 


('. V. KRISHNA IYENGAR : OSCILLATIONS AND RHYTHM 


of 1/6 to 1/4 of a iiUTiute employing very high magnification. In all cases oscillatory 
variations in the rate of growth wer(5 noticed. The author has pointed out that 
the sigff^oid growth-curve reported by previous workers was actually composed of 
scries of smaller curves, the smallest curve showing a duration of a minute or less. 
These os(‘illations in the rate strongly suggest the occurrence of alternating periods 
of high activity and depression. I'he author lias hint(?d that ultimately the chang- 
ing tone f)f thc^ living matter might be responsible for tho.se oscillations. On account 
of th(? intimate as.sociation of the growtli hormones witli the })rotopIasm it is quite 
possible that tin* ratr? of formation of tlurse as also their action are also o])en to 
sifiiilar \ariiitions, if one can judge from tlie significant fluctuations in th(^ rate. 

Further work on growth taken up by the author was to prove that these oseilla- 
torv variations an‘ fioti(‘ed not only in the rate of the s('veral activities but also 
in tlic siz(\s of the ditbuenl ]>lant-parts as also tlie developmiuit of these. In this 
work, tht* seasonal and int ra, seasonal variation in the sizes of lcav(‘s and internodes 
was st udied in detail, and a j)aj»cr was c<jmnuinicated to th(‘ Indian Science (/ongress 
of Ifi ttJ. An att(‘mpt. has hccai made to slnov that the si/(‘s of the successive heaves 
arul int(‘rno<les forrmal during any season show a similar oscillatory natuic and to 
cx])lain th(‘ ri'lat ionsliij) l)(‘tw(‘t‘n these size variations and th(‘ seasonal conditions 
of a place*. According to tin* author, the S(‘asonal and int rasi‘asonaI p(*culiariti(*s 
are generally rcnccicd in the varying sizes of the plant-parts, making the annual 
or seasonal branch an <.*fii(‘i(‘nt record of not only growth-conditions but also, though 
indirc<‘tly, the weather changes (Krishna Iyengar, 1947 and inq)nhlish<*(i). Tlu* author 
has also reported that tlu're is a similar variation in the other parts of a plant also. 
Tfius, according to him, not only the* vt^getative l>ut also the reproductive })arts 
manih'st this feature*, and the sue‘e‘e*ssive leavers, internoeh's, flowers or fruits fe)rrn(*d 
during a season she)W pafubolie size^ v^aiiation, the best j)arts heing forriieel about 
the middle* e)t a scase)nal growth. Even in a fruit there is a similar parabe)lic varia- 
tion in the sizes of the* sucecssive seeds, the best seeds being placed aliout the rnidelle. 
The general parabolie*. curve of the season sliows liner os(*illations when the number 
of struct ure ; formed during a sea.son ha])pen.s to be large. Even a loaf shows the 
[)araboiically varying rates of growth along its length during its develojiment , th(^ 
middle pai t of a leaf g(*nerally sh(jvv ing tlu* ma.vimum rate of growth. Tlie variation 
in the sizes may Ik* tak(*n to denote the varying vigour and fertility of the successive 
pai’ts. According to tlu* autlior, the position of tlu* part on the axis would d(*terminc 
tlu^ advantages or disadvantages in its development and expression. Since the 
size and vigour are generally determined by position, an intimate knowledge of 
this biological princi[)h* is strongly recommended by tbe author in all investigations 
of the Biological Sciences. The author’s (‘laborate work during the last seveial years 
(Krishna rv(*ngar, li)47, and imj)ublislie;I) is an attempt to sliow its importance in 
propagation and cultivation of plants, and in the selection of suitable seed-material, 
ft has been shown to he possible not only to increase the yield but also to improve 
its quality. A similar seasonal and iutra-seasonal variation is noticed in the activities 
of animals also. According to the author the highly signilicant and constantly 
present parabolic variation in size, vigour and fertility may denote the varying 
hormonic, enzymatic and other activities of not only the entire plants but also 
their parts. 

It is tiius noticed that all activities of plants arc oscillatory. A diagram is 
introdncf'd below to illustrate these and their relationship. The plant’s growth 
through ages as recorded by Douglass shows the almost regular oscillations, these 
generally agreeing with the sunspot cycle and manifesting highly pronounced peaks 
at intervals of 11.4 and 23 years (Fig. A). It is noticed that each of these curves 
is composed of minor oscillations, the duration of each of these being about 3 years 
or slightly more. When the annual growth is considered there are two major peaks 
in the rate of growth. Although this has been the general feature as explained by 
Sachs and others, a departure from tliis in the form of two more, though minor, 
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peaks alternating with these major peaks has been reported by the author, in the 
pap(*p published in 1947, these denoting the peciiliarties in the growth-conditions 
and climate iii e(‘rtain parts of India (Fig. B). Intraseasonal growth-rate also 
shows similar oscillations (Fig. ('). In this connection may be mentioned the 
parabolic vaiiation in the sj/es of the parts, their develojmient and vigour, as also 
fertility, in any seasonal growth (Fig. D). Ev^en the daily record of the sunspot 
numbers duriijg a season shows a similar oscillatory nature. The daily activity 
sc'cms to b(‘ a nnniatiirf* form of the annual activity, tlie two pronounc('d peaks in 
tlx' rate of growth noticed even here heightening the siniilarit}’ (Fig. p]). This has 
1 k‘(ui notic(‘d not, only in growth but also in the water-content and in the rate of 
photosynt lu’sis (Mclean lt)2b). Even in the leaf-movTunent a similar feature has 
been rt‘port<‘d l)y the author. Tlie figun? F is introduced to show how an oscillation 
taking an hour or mor(‘ is composed of minor osc’illations, the duration of each of 
thi'sc being 2t)-2o minutes. This has been exyjlained by the author in several 
activities of plants. Each of tliese oscillations is made u]) of several finer oscilla- 
tions the tinu^ lak(m lor each one of tli(?se being geneially ‘f-o minut(?s. The Figure G 
illust raters tliis ff?ature. Tlu^se have l)«5en (?xy)lained by the author in connection 
with respiration, growth and oIIku* activities. Even finer oscillations, inndi of 
about a minut(‘.’s fliiiat ion, hav(^ b(>en showui to be present in several activities 
(Eig. ,F[). /Vccor'ding to tlu^ author, these are comf)Osed of still finer os(allations, 
eactli taking ti-lG s(^cf)lMls (l’4g. I). The lint'st oscillations are r(‘])orled by tlie author 
in contusgion willi tlx^ tissue study, the tiuu? taken for each Ixung 11-4 seconds (Fig. 4). 
14ie author has noticiMl (e.xm iinor oscillations of a second's duration or k^ss (Fig. K), 
but it has t\ot Ix^en possible for hirn to giva^ a ekjar a(,*coinit of these, sinei^ a inagni- 
tieatioii of everi (iOOt) scmuimmI to be iuade(juate for this work. Tiio author is con- 
viiuuid that a higher uiaguiticatioii and a shorter recording intm’val rniglit (uiable 
oiu^ t.o p(^rceiv(^ th(^ tim^st f)scillat ions aiid study tluur nature. Siicli high magni- 
tiealioiis have oft(Mi benm. us(xl iu the study of the tku’vous im]>ulsos. but in sueli 
work, insbrad of linear ehang('s potential variatiems at intervals of mi(*ro-fraetions 
ol a second are liJgistonMl with tlu^ h(‘lp of os(illogra])h. Tn some (‘ases tlxi frepinuKiy 
ol tluvse oscillat i(Mis happ(xis to al)out ib(K) or mon^ ]x;r second. I'his el(x4ric‘al 
c‘lia.nge ev(ui a.t such slioi't iiitervads has Ixxui said to be duo to changing 
of the li\ ing c('ll. Tlu^ use of sjich iustruments may bo thought of to determine 
tlie ])resen(;(‘ or absence of similar oscdllations in plants. 

Thus the occurnunx* of oscillations in all the vital activities of plants and 
.animals is (juite a common h’ature, tlu\se suggi^sting the presence of alternating 
periods of activity and (h'jircssion as a ji'siilt of tlie changing lone of the protoplasm. 
vSince various (‘ir/ynu's art' associated with the protoplasm for carrying on the several 
activities, the osc'illatoiy (’hanges in the living matter might signify a corresponding 
variation in the en/ymatic ai4ion and tbo metabolic processes. This has been 
stressed by th(' author in conix'ction with the tissue studies. According to the 
author, this might mean a rapid reversibility in the pll of the protoplast followed 
by an (Xjually rayiid change in the enzymatic action. Thus, the protoplasm, the 
activated organic matter, exhibits an oscillatory nature in the rates of both anabolic 
and » alabolic proec'.s.ses, making oix' infer that tlie absorption or liberation of energy 
by the activated matter is always oscillatory. 44hs should not come to one as a 
surprise, in view of the fact that even inanimate matter shows a similar feature 
when it is activati'd. As an instance may be cited radium which emanates rays 
whose intensity is reported to be oscillatory (Moller and Ebbe Rasmussen, 1 937). 
Leading scientists aic of opinion that the absorption or liberation of energy by 
any activated atom is ahva s in ‘quanta’, the rate of activity thus being oscillatory. 
This illustrates the similarity between the activity of the living and the activated 
non-living matter, making the difference between the ‘Living’ and the ‘Non-living’ 
more subtle. 
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Rhythm in Life : 

The work reviewed above shows that all activities are oscillatory, and folloAv 
a delinite time-law exhibiting not only periodicity V)ut also an inherent rhythm. 
For a long time ‘rhythm’ and ‘periodicity* were the t(n'ms used ahnost as synonyms. 
Hachs (1875) and others were the earliest to use the term ‘rhythm* in this sense. 
lUit it may be pointed out that ‘periodi(*ity' is tin' result of external iiiiluenco while 
‘rliythm’ is a regular periodic change not at all eonneeled with the external I'aeti ss. 
Sehimper (1801), Friesner (1920) and Maegregor Sivoiu* (Ibll^) have a correct concep- 
tio i of these terms. M icgregor Hkene's statenuait ‘we must note llud live production 
of leaves is itself a periodic phenomenon, as is, to go a. sti‘p further back, cell divion 
also, the basic* fad in develo])ment , and tliat the cause of such a rhythm must l)e 
sought in jx'riodic changes inlierent in the (*omplex colloids of tin* plasma* is highly 
suggestive of tlie existt‘nc(^ ot* an inherent rhythm, whicl» could 1 h> distuibed. 
According to INlaegregor Skene only by methods unncdurid ;ind drastic, thus being 
a powerful iiilnTciit feature. Tlie sprouting and ilowering of many plants only 
during certain months of the year is an instance of tbis kind. According to lh)se 
(1928) the res[)onsive movcumuits are a'so rliythmic*. The ihythm noliced in s(‘VfU’aI 
activities has been suHi(‘iently stn^ssed by the author. FjVC'U \n thc' low’cr plant s one 
can notice this featuR* in tluM!* sev(‘ral activities. 'Dh' ciliary ]]iov(‘»nents of the 
7,oospoi‘es «tnd gajuetes, and t lu' size* variation of t he contract il<' vacn(*les at regular 
int(‘rvals are a iVw of the instaiUH's of this feature* nu*t with in the* lowt^r f)Iants 
and anima-ls. 'the systok* and tlu* diastole of the lu'art, tlu* r(*spira,tory action and 
the regularly altcrjiating activity and fatigue ai’(^ a f(‘W’ instanc(‘s of rhythm noticed 
in animals. Flic variation in /dl, and the succeeding oscillations in metJibolic 
activity following a daily rhytlim, vigour and h'rtility satisfying a delinite time 
law% oscillatory nud abolie variations even at very short intervals of a fraedion of 
a second, and lastly the regulaiiy alternating rise and fall in the rate of any vital 
activity, seem to be a feature of plants and animals alike. 

From the a])ove account it can be inferrc'd that oscillation in any aedivity 
seems to be the rule in Nature, and that the only c.onstant thing in Nature haj)])ens 
to be the capacity to vary. Tlie regular succession of sunspot maxima, oF seasons 
and seasonal changes, and of day and night are clearly rellected in the activities 
of not only plants l)ut also animals. Phase of dormancy and activity, growth 
and reproduedion, sleep and wakefulness, assimilation and clissimilation, and tiiudly 
activity and fatigue — the contrasting processes in ]jifc— alternating in a regular, 
hence rhythmic manner, convey a vivid picture of Life’s rhythm I'orming, tliough 
in miniature, a reflection of the same in Nature. 
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ABSTRAtri' 

Morjihology ol <*lc>iica ol Lycoclon aulicuR iiUH hccu (lortcrilx'd. (^o]>rcHlaoinn in iniiHciilar 
and is divided into ti\’o coi!i}ou( incut s, lon-li clianihcr invariahly contains a small ronndi'd |»c11c< 
of uriuf'. "ria* di\ ision of coprodat um into a nniuhor of comi »ai‘t nuad s, ]»rob»d>ilit y 

checks t lie fornnit ioii of a loii^, hard urinary pclK't \vhi<di may jtroviA a ^nait hindraiico lUiring 
locomotion. Uric acid forms 72 iH*r ct'nt of the excretory nitrogen. 


Introduction 

Bodenheimor (1957) in a review on tlie ^‘Ecology of mammals in arid zones” 
states that, ”In view of the extremel}' low total on the lieavy exigenei(‘S of the 
very dry desert environmc'nts there must he sonu? extraordinary t‘eologieal and/or 
physiologieal adaptation for a (‘onsorvation of body water. Higldy coneentratt'd 
urine is an important meehanism for such a water e(‘onomy, by reducing the total 
amount of urine water to bo exereted to a minimum”. If during the period of 
particular stress on the water conservation mechanism, animals could avoid tlie 
use of water for excretion of substances usually eliminated in tlui urine, a corres- 
ponding amount of water would be saved. This mechanism is knr»wn to occur 
in insects, where it is termed 'Storage excretion'. most im[)ortant nitrogenous 

product is uric acid and it is regularly deposited in colls of the fat body instead 
of being eliminat(;d in the urine. This phenomenon of uric acid excridion is pre- 
dominant in lizards and snakes. In these animals it cannot be termed ‘Storage 
excretion’ because they are not stored in cells, but on the other hand urine gets 
dehydrated by the realisorption of water and solid urine is excreted. 

ObscTvations on the water economy in relation to urines excretion of a few 
lizards have already been presented in previous papers. The present paper deals 
wdth a similar phenomenon in the common wolf-snake, Lycodon avlicun auilcus. 
Idle method for the collection of solid urine and the technique for the chemical 
analysis are similar to those described earlier (Seshadri, 1956 r/, 6, 1957). 

Morphology , 

The most interesting point in the morphology of the urinary system of snakes 
is the total absence of urinary bladder. There are certain lizards which are classified 
as saurii B by Gadow which include the Monitors, Amphisbaenids and Agamids 
in which the urinary bladder is absent. 

The urinary system in Lycodon aulicn-^ consists of a pair of kidneys, two ureters, 
one arising from each kidney, and a chambered cloaca into which the ureters and 
the genital ducts open. Because of the longish body, in a snake all the organs 


♦Part of a Thesis accepted for Oie J h. D. Degree of the University of Delhi. 
VOL, 25, B, No. 5. 
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in its visceral cavity are elongated and narrow. The kidneys and also the cloaca 
are elongated. The kidney in snakes and lizards is of special interCvSt because of 
the umlHual secretory activity of the segment preterminal. The kidneys lie dorsal 
to the cloaca and each consists of five indistinct lobes. A peculiar feature in the 
kidiu^y is that although it is a compact body its tubules can be easily separated 
with the dissecting necdle.s by following Huber’s method. There is a slight morpho- 
logical dilTcnuice in the kidn(‘yH of the two sexes in Lycodon. On the dorsal side 
of the kidney of male are thick, rounded tubules embedded among the liner tubules, 
and on the ventral side finer tubuk^s an^ present, large tubules are contined only 
to the outer side of the ureter (Fig. 1). In the kidney of female, however, the 
tubul(‘S on the dorsal and ventral side arc small and almost alike, and kidneys are 
richly supplied with blood. In a freshly dissected specimen ventral side of the 
kidn(‘y is d(M‘[) hmI in colour, wliile on the dorsal side, specially in the male, ^^ellow 
patches an^ pr(*.s(ud on th(‘ larger kidney tubules. 

The ur(‘ter from each kidney emerg(‘s just a little Ixdiind one third of the kidney 
proper and (‘xlends along and just within the vcuitro-niedian angl(‘ of the kidney 
near its ])osterior end. Actually the ureter in ea(‘h kidney starts much ahead, 
as is seen in sections, wlu're th<i collecting tubules join to form the ureter proper, 

"Idle cloaca as usual is dividc'd into an anti^rior chamber, the coprodaeum, an 
intermediatt‘ cdiamber, tlu'. urodaeum and a ])ost(‘ri(jr chamber, the proctodaeum. 
A sphinct(T sejiarates (‘oprodaeum I’rom urodaeum and there is only a slight demar- 
cation <jf proctodaeum from th(‘ urodaeum. Idie (^oprodaeum is a continuation of 
the large intt^stine but it is demarcated from the rectum by a transverse fold that 
hangs from tlu^ dorsal wall. "I'he corprodaeum is the largest of the tliree chambers, 
it is half as long as rectum and about- five times as large as urodaeum. This chamber 
is further divid(‘d into as many as liv(‘ corniiartments by incomplete transverse folds, 
more prominent on the dorsal side of the cliamber (Fig. 1). In several dissections 
of the cloacal portion almost all the compartimmts of coprodaeum had a small, 
rounded urinary pellet in the process of formation into a large pellet. When solid 
urine is finally evacuated in the natural course it is always in the form of a single, 
larger ; elongated pellet which has a beaded appearancte. "fliis shape is due to the 
pellet of tlu^ different eomiiartments uniting together before they are actually 
evacuated. In some spc'cimens, in the last tavo coprodaeal eompartraents the pellets 
were observ(^d in the process of formation. In such cases a well formed rounded 
pellet was not seen and a number of small (Tystalline pieces were present instead, 
which at a later stage unite, become compact and form a rounded pellet. 

Urodaeum or the urinogenital sinus is the ni‘xt chamber of thee loaca into 
which both the urinary and the genital ducts open. This chamber in natural course 
is placed slightly on the dorsal side of the coprodaeum which gives the impression 
that coprodaeum is more or less in direct communication with the proctodaeum. 
In male Lycodoii the under and the vas deferens join before they open in a common 
urinogenital aperture. In female Lycodon the urodaeum is functionally divided 
into a large anterior genital sinus and small posterior urinary sinus. Both the 
ureters unite to form a small pseudo bladder-like dilatation and open on a papilla 
in the dorso-median line. In female Caloks there seems to exist a similar structure 
and it has also been recorded in JAyphnra (lizard) by Gadow (1887). The coprodaeal 
chamber is placed ventrally, and such an arrangement presumably facilitates an 
easy flow of liquid urine into the coprodaeum where it undergoes dehydration. 

The oviducts open on lateral sides of the genital sinus or genital shelf, which 
exUmds dorsally up to the level of the anterior portion of coprodaeum. Passage 
to the opening of the oviducts from the proctodaeum is on either side of tlie urinary 
sinus or sac. Lining of the genital sinus resolves into a number of longitudinal 
folds which continue back and merge into the folds of proctodaeum. 

Proctodaeum is not demarcated from urodaeum by any fold or sphincter but 
the position of urinary aperture seems to indicate the boundary of the two chambers. 



LYCODO.\ AVLICrS AVLICUS, LINN., IN RELATION TO URINE EXCRETION 

Tn male Lycodon there are two grooves in proctodaeiim and on either side of proc- 
todaeum, more towards the dorsal side, are a pair of glands, the anal glands which 
seem to lead into the grooves. 



a 


b 


Text-fio. 1. 

Lycodon auUcus aulicus, Dissoction of tho urinogonital systems of male and female. 
a. gl., anal gland; bv.^ blood vc.ssol; 6.L, big tubuloa on tho dorsal surface of kidney; 
cl- 5, coinpartrnenl s of tho coprodaeuni; de]>.y doprossioii at tho place where heiniponis 
comes out; gr., groove loading to tho horniperiis; g, 5., genital sinus; hp,^ heiniponis; 
Aj., kidney; od.j ovidu(?t; op. od.^ o[)oning of oviduct; p.y proctodaeum; r., rectum; 
s.t., small tubules of kidney; 8ph. /., longitudinal folds in the region of tho sjdiinctor; 
L transverse folds dividing coprodtwjuiii into chambers; u, ap., urinogonital aperture; 
u, op.y urinary opening; ti. p., urinary pellets; ur,, ureter; u. n.y urinary sinus; ikI., vas 
(h^ferens. 


Histology 

Most conspicuous feature in the histology of kidney is the presence of relativelj 
large segments of renal tubules (Fig. 2c). Such a segment was first described bj 
Gampnrt (1866) in Tropidonotus jiatrix. While Regaud and Policard (1903a, 6, c\ 
first described and named in lizard a remarkable specialization and hypertrophy 
of the ‘segment preterminar of the nephron of adult male during tho breeding 
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season. These authors referred to the enlarged tubule as the ‘segment sexueF 
and its sexual signilicanoe was also recognised by them in snakes. It has since 
])eeii described by sev^eral other workers and such hypertrophy is repoi ted to appear 
only in adult males and is obvdously a secondary sex character. 

A sexual segment has also been reported in the kidney of many snakes : 
'rrtjpiflonottos nafrix (Gainpert, l8bb; Heidcniiain, 1874; Regaud and Policard, 
PJiKJ U/, If, r\ <^)rdier, 1928), T. viptrinus {Nairlx nanra) (Regaud and Policard, 
(‘ordier), l^jHtacfila .sirtfili'S, Contmdla. auslriitra, Tjunienis viridijlacous, Vipem aspis 
and r. ht rus. 

R(‘gaud and J^)lieard have summarized data relevant to the morphology of 
urinary tubule ofsnakess. 1dH‘y divide the tubule into six j)arts : (I) a short ciliated 
or llag<‘llat(*d nt‘ck, opening into the Howman's ca})sule: (2) a convoluted segment 
homologous to convoluted tubule of tlu* mammal; {.‘I) an intermediate ciliated 
segment which f)robably corr<‘S})onds to H’enh^’s loop; (4) a narrow non-ciliated seg- 
nuuit; (d) a jrreterminal sr'grnent, part of which is the sexual segment; and (b) a 
short terminal segnuMit emptying into a e<diecting diu-t. 

.\(<(U(Iing to Regaud and lN)licard and others the ‘segment sc^xiiel' is the 
segmerrt })r(*t <‘rm ina I beeause it is s.iid to be succfaHled by a short terminal tubule, 
which in tirm* (‘mpti(*s into a collecting duct. Forlx's is convincrnl that the hypertro- 
{)hi(‘d r-(‘nal tubul(‘ Scxloporus is n<‘ither mext to the last (Preterminal) segment 
of the nephron nor the terminal segment of the n(‘phron. Me believes that hyper- 
trophied tubules are tin* collecting tubules. But in Lyvodon there are other 
coll(‘cting tubules as well, so it can be called the segment pnderminal. 

The mucosal cells ol‘th(‘ sexual ‘segment ’ comprise of very tall, sim})le, columnar 
(*f)ilhc‘lium su()})orted by a thin layer of connective tissue. Each cell has an irregular, 
sti-ongly basophilic nucleus at the extnune ])eripheral end. The inner two thirds 
of cytoplasirr contains large number of markeclly eosinophilic secretion granules, 
these tubules therefore take very dark eosin stain while other tubules do not. In 
Spite of larg<‘ size' of thes(' tubules, the lumen of each tul>u!e is not large, while a 
collecting tid)ul(‘ has cuboidal cells and a large lumen. The tubules are not eosino- 
philic in character. 4 h(» collecting tubules and the sexual ‘segment’ can l)e easily 
(list iug uislu'd by these two primary characters. 

At the h(dght of its se(‘retory activity the sexual sc‘gm(*nt in male snake is 
approximately three time's the (liametcr of other tubuh's. In hunale such an 
('iilargeirn'iit is not present in the tubules It is an established fa(*t (Regaud and 
Policard) that seasonal variations occur in sexual S('gmcnt of many male lizards. 
There has b(_'en some (pK'stion, however, as to whether they are also characteristic 
of snakes, (‘ordier (I92S) found ('videncc's of scc*retion but no cyclic variation 
from May to December. Volsoe (1944) was tlu‘ first to demonstrate total absence 
of signiticant annual fliK'tuations in the lu'ight of cells and in the cytoU^gical indica- 
tion of secretion. In Lycodon auiicns very high secretory activity was observed 
by the author in the month of October. The secretory granules g('t stained wdth 
eosin and nuclei dark blue with liaematoxvlin, they are basal in position and 
irregular in outline. 

The miK'osa of coprodaeuin consists of long, columnar cells (Pig. 2a). It is 
int(TX'sting to note that these cells gradually increase in size and are largest in the last 
compartment of co[)rodaeum, wdii(^h indicates that the terminal chamlx'r is capable 
of absorbing maximum amount (jf water. This view’ is also strongly supported 
by th(^ fa(4. that a number of small crystals were every time observed in this region 
and pellets in the process of formation. As pellet gets formed it is pushed into 
the adjoining compartments in frcjiit till it reaches the first where its further foiwvard 
movement is checked by the thick transverse fold of the rectum. Ik'llet is pushed 
from behind forwards by essentially an aiitiperistaltic movement. The wall of 
coprodaeuin is liighly muscular as compared to that of the lizards studied in this 
connection. This may facilitate movement of pellets up and down the large copro- 
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Text-fig. 2. 

Lycodon aulicus aulicus. (a) Transverse section of a portion of coprodaouni, 
(b) transverse section of the wall of urodaeuin, (c) transverse section of a portion of 
ti portion kidney showing hypertrophied tubulos, and (d) transverse section of a 
lobule of anal gland showing excretory meterial. 

6. m., basement membrane; c. ep., columnar epithelium; c. m., circular layer of muscles; 
c, t.y connective tissue layer; co. collecting tubule; cw., cuboidal coll of collecting 
tubule; e. gr.y eosinophilic granules; g. c., goblet colls; hyp. t., hypertrophied tubule; 
1. hypt.y lumen of hypertrophied tubule; I, 1., lumen of lobule; 1. m., longitudinal layer of 
muscles; 1. p.^ lamina propria; m. w., muscularis mucosa; nw., nucleus; p. c., peritoneal 
covering; pr.^ c. L, proximal convoluted tubule; serosa; a. c., secretory cell; sec., secre- 
tory material; s. gl., secretory globule; tfm., submucosa; at, ep., stratified epithelium, 
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daeal chamber. In lizards, where this chamber is not so large, a thick wall is not 
necessary to y)ush tlie urine. Peristaltic movements of rectum which ordinarily 
push the fa(‘ces also serve to evacuate the solid urine. But in Lycodon, as already 
itidi(‘;d<Hl, the (.‘harnber as a whole is very large, divided into compartments, and 
its wall is muscular, w lnrl* also facilitates (*vacuat ion of urine 

ITrodaeurn has s(‘V"eral layers of stratified epithelial cells (Fig. 2b), tlie gtmita^ 
slielf in particular shows intense stratification while the urinary sac has the usua^ 
cuboidal cells similar to those of tin* ureter. The stratification extends behind to the 
proctodaeurn anrl finally merges with the stratitifxl scyuamous epithelium of the 
ini f‘gum(U)taI ej)idermis at the anal margin. In male Lycodon small isolated 
areas of cuboidal ej)ith(‘lium are occtasionally intcrs])ersed behind the urinogenital 
a[)erture in the stratified mucosa. 

Anal glands an' ])resent both in nuxle and femah' Lycodon. Tn male these 
glands an' much bigger than in female. 1die glatid is mucous secreting and in cross- 
sect i(»n secretory material is seen in the lumen of the lobules (Fig. 2d). The gland 
as a whoh' is made up of a number of tubular units, which in (‘ross-section are cut 
very much like slices of a pi(‘. The outermost layer of the duct is the connective 
tissue layc'r which is vc'ry thin. Next to it is the basement membram^ on which 
rests the c(*llular helium. The seen'tory c(‘lls arc more or less columnar in 
shaj)(‘, (‘aeh cell having a basal nucleus. The cytoplasm is tillt'd with sc'cretory 
granules and iri st^rne cells seerc'tory globules are observed at the ental tip. 


Dtscusston 

C}adow (I8S7) remarked that anal glands of female ophidian are much larger 
than those of mak' and that they occupy the whole spa(*e otherwise occupied by 
the mal(* org.ML fn Lycodon. ho\\'(‘ver, it has been ol)s('rv('d that large' a/ial glands 
are present in rnah', and they are' much smalh'r in female. Fve'u in LoluJicr rentro- 
tnaculatas the anal glands in male arc well developed and there are prominent 
proctodat'al g ro( > ves . 

The division of co])r()daeum into a number of compartments must have some 
functional significam*e. Though no experiment has been performed to ascertain 
the actual working of coprodaeum it may be possible to conjecture on the ba.sis 
of mor()hological studies. To facilitate serpentine movement, all the organs in 
the body cavity of a snake are elongated and are pliable by nature. Urine gets 
dehydrated in the coprodaeal chamber. If such a long chamber was without compart- 
rn('nts, a fully formed, long urinary pellet in it will hinder the activities of the 
animal in many ways. This is specially «c) when active locomotion is taken into 
consideration. A long, hard urinary })ellet in the coprodaeum would make the 
ehamV)er rigid and will by no means be a very convenient structure and might 
rupture Die wall or injure it during locomotion. Small pellets in different compart- 
ments maintain fh'xibility of the chamber as a whole, when peristalsis starts to 
evacuate the faeces, the faecal matter as it travels down pushes the urinary pellets 
as well. Tn this act all the small pellets get stuck together one over the other 
and finally when the urine is evacuated it is in the form of a single long urinary 
pellet. The vertebrae in this region are small, and each vertebra is more or less 
the size of a single compartment of the coprodaeum. This also supports the above 
view that the division of coprodaeum into compartments helps in tiexibility of 
the chamber. All this is at best just a conjecture without any experimental evidence. 
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Results of chemical analysis of urine: 


Constituents 

Urea 
Creatine 
Creatinine 
Uric acid 
Allantoin 
x\sh . . 


Percentage per gin. 
of urine 
IVacos 


'fra cos 

7*)o 

* /o 

1 . 1 % 

11 . 0 % 


Some of the urinary nitrogen constituents liav(‘ been detc^rmined in a few 
snakes. Boussingaidt (lOoO) found 80 per cent of excretory nitrog(*n of boa cons- 
trictor and of pytlion in tlie form of uric acid. Bacon (1000) claims that uric 
acid in pytlion amounts to 80 per cent. Cirod (1802) working on Tropidonoins 
natrix, reports that uric acid represents 80 per cent, of the excrt‘tory nitrog(‘n. Fouad 
Khalil (lots n, h) workt'd on an oviparous snake Zanicnis diadema, and on a vivipar- 
ous snake Eri/x thehaiens. In 7j<i)tu nls he records (>7 per cent of uric acid and in 
Erijx uric acid r(‘prc‘sents 02. 5 per cent, of the total excrc'toiy nitrogen. \'alue foi* 
uric acid obtained by Khalil is much lower than that olUained by (‘arli(‘r workers. 
In Lycodoii au/icus an oviparous snake uric acid represents 72 jier cent of tlie total 
I'xcretory nitrogen. This seems to give an intermediate value. 

Percentage of creatine in Lycodon is high against what Khalil has recorded 
in Eryx and Zdnienis which seem to be negligible quantities i.e., 0.20 and 0.00 ])er 
cent respectively. In I^ycadon. it is 3.4 per ccuit. JVrc(‘ntage of urea as recorded 
by Khalil in Zatdcni.s is 2.03 and in Eryx it is absent. In Lycodon urea is present 
in small traces. 
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Abstract 

Tho orij^iii and vuKcularizat iou of tlio st ipules in 13 H])ecioH, and those of the axillary buds 
in 24 speeii's of the Rubiaeeao lia\a> Ihhmi re]H>rfed in this ])a]x'r. In 21 species the leaves arc 
o})posit(', aiul only in 3 they mx' whorUnl. 

At the Initiation of a half at the shoot, apex thf> first part to ho laid down is tho leaf-base^ 
which at. this sta^e is c(iFitlu<'nt with tho axis. Two or thrt'o such leaf-bases at tho node unite 
by their niarjiiris and form a volJar round the axis. 'Phis collar #?rows wdth tho axis for some 
time and thmi s<'parato from t h<‘ lat ti'r in the form of a t ubular sheath. Tho stipules, connate, 
inter petioUir i\nd foliaccous, ilev<dop as outgrowths of tho collar after tlio petioles liavo separated 
from it. The sti]Tul('s gel their vascadar suj)ply (vsti}>ular trace) from tho lateral loaf- trace bundles 
and/or their branches. 

In the llubiaceae the axillary buds are both foliar and axial in origin, and they occur in 
tlai saruo bud, sometimes at difterent nodes, in some cases at tho same node in tho axil of tho 
aam(^ leaf. Jn almost all the s[)eeitxs tlie foliar buds originate near tho apex of tho parent Imd, 
and are ej)homeral. Whereas the axial buds which develop into brancht'S arise e few nodes below 
the apex and got their vnsFudar su[)ply directly from the oentral stele. On an adult axis there 
are always branchless nodes bet ween two nod<\s with >)ranclie8. Tho morphology of tho axillary 
bud and its relationship with its axillant leaf have been discussed. 


Introduction 

This is a further contribution on the results of a systematic study of the origin, 
vascularization and morphology of the stipules and axillary buds of the Rubiaceae. 
Methods of studies followed are the same as in previous communications (Majumdar 
and Pal, 1958nr, 19586, 1959), but the materials are different. 

Observations 

1. Gardenia lucida, Roxb. — Subarboreous shrubs, leaves opposite, decussate, 
rarely in whorls of three, stipules connate (annular), ‘within the leaves’, broadly 
ovate. All the leaves on a branch do not bear secondary branches in their axils. 
One to three branchless nodes intervene between two nodes bearing them (Fig. 1). 

The node is trilacunar, the laterals are widely separated from the median. 
The foliar foiindations*** of the pair of opposite leaves at a node extend round 
the axis, their extending arms meet and coalesce to form a collar*** confluent with 
the axis (Fig. 14). 

The leaf-trace bundles move into the collar. The laterals branch, branches 
divert into the interpetiolar regions of the collar. On their way to the median 

*Name8 of species studied are given under their description. 

♦’•‘-Jr. Hes. Follow under Prof. G. P. Majumdar, retired scientist. 

***For the origin and description of the foliar foundation see Majumdar, 1942; and of collar. 
White, 1955, and Majumdar and Pal, 1958a. 
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the laterals send out a branch each to the adaxial face of the petiolar region. All 
the secondary bundles divide and spread uniformly round the axis and send out 
another scries of bundles immediately below the adaxial epidermis. This vascular 
adjustrncjit takes place in the collar after it has separated from the axis (Fig. 15). 

Separation of the collar from the axis begins in its interpetiolar regions (Fig. 14). 
After separation tlu‘ collar gnjws upwards in the form of a tubular sheath with the 
|)etiolar regions intact. During further development the petiolar n^gion separates 
from the collar to giv<i rise to the petiole with three bundles. Its separation begins 
from outside, passes between the laterals and their branches and leaves a strip 
of tissue with the outer series of secondary bundles continuous witli the interpetiolar 
portions of the collar. The (collar thus separated from the axis and the petiole 
grows into a C(jnnatr^ stipule with only tht^ hypodermal series of Ijundles as its trace 
(Fig. lb). The developing bud bursts tlnough the connate stipule. 

Near the apex of the terminal bud a few meristematic cells dilferentiate in 
the collar opposite the median and form the primordium of the foliar bud. They 
are s(‘en at- the second node from the apex and are soon lost. The branch buds 
are axial in origin and get their vascular supply from the axial stele. They develop 
into branches* (Figs. 14, 49, 50). 

2. (hirdenia thiinbargia. L. — Shrubs, leaves are in wlmrls of three, stipules 
large and connate (Fig. 2). In this s{)ecies four to live branchless nodes come 
betwecui two branch -b(‘aring nodes. 

Th<^ node is trilacunar as in the other sp(‘cies. Tho l('af-tract‘ l)undl(‘s an^ 
quite close to one another, and the subsecpKmt- behaviour of th('- latcTals is similar 
to that in (1. Incida (Fig. 17). The petioh^ se[)arates with three bundles, and the 
collar develo[)s into a connate stipule as in the oth(‘r s])ecies. 

The axillary bud is both /o/ air (Fig. 51) and axial in origin. In tlie shoot a])ex 
the buds remain ibliar up tt) the next si^ason, i.e., during the n‘sting period, aial 
when the buds unfold the branch buds develop in the 1ow(t nodes of the j)arent })ud. 

9. Vortlandia (/rav.di flora, L. — Shrubs, leaves o})posit(', stipules connate at 
bas(*, broad, rounded at ap('X, s[)lits open into two interpetiolar stipules in the 
up])er regiem (Fig. 5). Fn this species the primary branches, whicli are more or 
less vertical, have? sc‘condafy branches at ea(*h node, but the secondary branches 
behave diflV*rently : t hey bear 2-5 branchless nodes ])etween two nodes witli branches. 

The node is trilacunar, the trace bundles are widely se])arated from one another. 
They move' into tlie collar, and their behaviour in it is similar to that in the above 
species. The collar separatees IVom the axis with the branches of the laterals and 
the petiole from the collar with the three leaf-trace bundles (Fig. J9). The collar 
now grows upwaixls in tlie form of a tubular sheath (Fig. 20). Its apical region 
separates into a pair of interpetiolar stipules (Fig. 21). 

The bud prirnordia are both axial and foliar in origin. The foliar ones arc 
ephemeral and leave socket- like depressions in the adaxial surface of the collar 
to indi(‘att? the position they occupied before falling off. The axial bud which 
develops into a branch separate.s from the collar and the axis by the formation of 
a separatum zone developed completely surrounding it (Figs. 19, 52, 511). 

4. Randia dumetorum Lamk. — Shrubs or trees, leaves opposite, stipules ovate, 
acuminate, ‘within the leaves’, large, tapering and caducous. In this sxiecies the 
primary axial buds develop into thorns, and the branch buds originate secondarily 
on the axis between the thorn and the leaf at lower nodes (Fig. 4). 

’*‘01andrt arc a characteristics feature of the Rubiaceae. They are formed on the adaxial 
surface of the collar, particularly confined to the stipular region, and arc of the nature of emer- 
gences (Mitra, 1948; Metcalfe and Chalk, 1950; Majumdar and Pal, 1958a). As they occur in 
all the species described they will be omitted from the description. 



Text-figs, 1-13. 


Figs, 1-13. represent respectively a portion of the adult shoot of each of the following thirteen species described 
in the text : Gardenia lucida^ G. ihunbergiay Porilandia grandiflora, Randia dumetorum, Mussaen^ 
frondosay Luculia gratisaimay Coffea arabica, C. hengalensisy Adina cordifolia, Morinda citriJoUa, 
Hymenodiciyon exc^laum, Hamiltonia sttaveolensy and Rubia edgeworthi/i. They have been 
drawn from live specimens to show the nature of the stipules and bremchings in these species. 
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The node i« unilacunar, hut the three leaf-trace bundles are discrete and 
depart for the collar together. The collar now separates from the axis and grows 
upwards in the form of a sheath. The laterals (liv('rge into the ( ollar where they 
rlivkle and give rise to eight himdles on each side, four from each lateral. Two 
contiguous bundles from the opposite laterals unite to form the midrib bundle 
(composite) of each of tluj two stipules, into vviiich tlm slu^ith spilts up soon after. 
The stipules overlap by their free margins at the upper region. In this sj^ecies 
the petiole gets only the median as its bundle (Figs. 22, 23). 

The axillary buds are both foliar and (ixial in origin (Fig. 54). 44ie foliar 
buds are ephemeral, and the axial buds devehjp into thorns (cf. ('ate^she/i spinosa). 
The branch buds originate later in the adult region between the thorn and the 
axillant leaf (Fig. 4). 

5. Mmmmida froiidom L.— Shriihy, leaves opposite, sti[)iiles long or short 
bi-fid, no connate growth at base (Fig. 5). Branching is very interesting in this 
species. In a twig the fourth and tifih nodes hear branches (decussate), sixth, 
seventh and eighth do not bear them, ninth and tenth nodes bear brancln^s again, 
but the next five nodes are l)ranchless (Fig. 5a). Fn another twig it was found 
that branches do not develop up to the tenth node, sometimes in place of a pair 
of brandies at a node, only one diweloped (cf. (Julia m inolhujo). 

The node is unilacunar, hut the leaf-trace consists of three juxtaposed bundles 
They move into the collar without severing (^onneedion with the central cylinder. 
They cause a wide gap in the axial cylinder when they sever their connection witli 
it. The laterals diverge into the collar and divide to form the stipular bundles. 
The petiole receives only the median bundl(‘ (Figs. 2), 25). S(‘paration of the collar 
from the axis starts simultaneously laterally and in front of the median external 
to the bud primordiurn. 

The collar after its separation, from the axis and th(* petiole, breaks uj) into 
two interpetiolar stipules with the branches of th(^ laterals. Number of bundles 
received by each stipule is ten to twelve, 54) from each lateral. The contiguous 
bundles do not unite but remain separate and the stipule becomes bi-tid. 

In this species tlie node becom(‘s laterally i‘\l ended and downwardly projecteid 
for about 40 // below the level of the uodt' (Fig. 24). After the se])arati()n from 
the collar the horizontally ext(*nded portion of the axis forms a ledge oi’ butt ress 
upon which the next pair of foliar primordia aie erected (Fig. 25). 

Axillary buds are both foliar and axial in origin (Fig. 55). Foliar buds are 
ephemeral, 

6. Lucidia gratissi)na Sweet — Shrulis, leaves opposite, stipules cuspidate, 
deciduous. 4-5 branchless nodes come between two nodes with brandies (Fig. 0). 

The node is unilacunar. The single leaf-trace bundle moves into the collar. 
For a long time it remains unbranched and the collar grows confluent with the 
axis. Two separation zones organize in the interpetiolar regions of the collar, 
one on each side. These extend, meet and completely surround the axis. Before 
the collar separates from the axis the interpetiolar regions outgrow with a tendency 
to cover the petiolar regions (cf. Paederia fotlida, Mitra, 1948), but these ear-like 
outgrowths are soon cast off by the sheathing collar (Fig. 26). 

The petiole separates from the collar with only the central part of the trace 
bundle, but before the separation it gives out two branches to the collar from its 
free ends which give rise to the stipular bundles (Fig. 27). Each stipule thus gets 
two bundles, one from each leaf-trace bundle. The two bundles ultimately unite 
to form the only bundle (composite) of each stipule. The sheathing stipule then 
splits up into a pair of interpetiolar stipules in the upper region (Figs. 27, 28). 

The foliar bud primordiurn is organized in front of the trace bundle but it soon 
disappears (Figs. 27, 56). The axial bud primordiurn which gets its vascular supply 
from the central cylinder, is surrounded by its own separation zone before the collar 
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is separated from the axis (Pig. 57). These branch-buds differentiate in the fourth 
node down below the axis, whereas the first foliar bud is seen to organize in the 
third node. 

7. Coffea arabim L. — Shrubs, leaves opposite, stipules broad (Pig. 7). On a 
secondary branch 9-10 branchless nodes intervene between two nodes with branches. 

The node is unilacunar. The leaf-trace bundle moves into the collar; its two 
free ends extend and soon branch off from its central part (Fig. 29). These branch 
bundles divide unequally, the smaller ones n'lnain with the central part and the 
bigger ones spread in the collar. Each petiole thus gets 3 bundles — the central 
part of the leaf-trace bundle and two secondary bundles. The interpetiolar portions 
of the collar gets 9 bundles each, of which the central one is composite (Fig. 30). 
They overlap by their free margins in the upper region. 

The axillary buds arc both foliar and axial in origin (Figs. 58-00). Vascular 
supply to f he foliar bud is rather peculiar in this species : tlie axial bud gets its 
supply from the central cylinder, and the foliar buds from tlu' axial bud trace 
before the collar separates from the axis. This species differs from others in another 
respect : at the same node of the bud in the axil of one leaf of the pair, both the 
axillary buds are foliar; and in the axil of the opposite^ leaf both are axial (Figs. 01-05). 
Tn one bud at the same node foliar bud was found to develop 220 // higher up on 
the collar whereas the axial one was at the node. 

8. Coffea bengalensis Roxb. — Trees or shrubs, leaves op])osite, stiy)ulcs subulate. 
On branches which arc more or less horizontal every leaf bears a branch, but on 
these secondary branches 3-13 nodes without branches intervene betw(MM) two nodes 
with branches (Fig. 8). 

The node is unilacunar; behaviour of the trace bundle is similar to that in the 
other species. The petiole gets three bundles, and the stipule two bundles, one 
each from opposite trace bundles which ultimately unite with each other to form 
a single composite bundle (Figs. 31-33). Towards the upper n^gion the pair of 
stipules overlaj) by their free margins (ef. bud scales). In this species unlike in 
others the separation of the collar from the axis begins opposite the petiolar regions 
(Fig. 69). 

Foliar buds get their vascular supply from the axial cylinder, but they do 
not develop into branches (Fig. 67). Foliar bud is initiated at the second node 
from the apex and the axial bud in older nodes. But in one case both foliar and 
axial buds were seen at the same node in the axil of the same leaf (Figs. 68, 69), 

9. Adina cordifolia Benth. and Hook.— Trees, leaves opposite, deciduous, 
stipules orbicular, or oblong. 2-6 nodes without branches intervene between 2 nodes 
with branches (Fig. 9). 

The central cylinder is somewhat wavy, oblong, with four sharp ridges and 
corresponding furrows two of which are shallow (Fig. 71). The node is unilacunar, 
each leaf-trace bundle is constituted of an entire furrow with the ridges flanking it. 
The later behaviour shows that the furrowed porti(3n represents the median and 
the short ridges, the laterals. The three never sever their connection with one 
another (Figs. 34, 35). The laterals extend into the interpetiolar regions of the 
collar, divide and the branch bundles behave as in previous species. The petiole 
gets three bundles, and the interpetiolar regions eleven bundles each, the middle 
one being a composite one (Figs. 36, 37). 

In this species both the petiole and the stipule show downward projections 
just free from the axis (Figs. 70, 71). These projections are noticed even when 
they are examined with a hand lens. 

The bud primordium is foliar in origin and gets its vascular supply directly 
from the axial cylinder. The foliar buds do not develop and branches are developed 
from axial buds taking their origin at the lower nodes (Fig. 72). 
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10. Morinda citrifoUu L. — ^Aii elegant small tree, leaves opposite, short 
petioled, stipules large, broadly oblong, semilunar, entire, smooth or two fid. 
Normally one to three branchless nodes intervene between two nodes with branches. 
But in some branches all the nodes were found to bear lateral branches (Fig. 10). 

The node is unilaeuiiar, tlie single bundle of the l(*af-trace moves into the collar 
Irom where it sends out brandies into its interpet iolar regions (Fig. 118). 1'he petiole 
receives three bundles. Tlie collar separates from the axis and tlu5 petiole fiom 
the collar in the usual way. The stipule grows at first as a sheath and then splits 
up into a pair of interpet iolar stipules at the upper region. Jn the lower region 
each stipule gets five bundles with the central one composite, but •their number 
is gradually reduced to three only, the composite midrib and two laterals (Fig. 40, 41). 

Foliar buds originate at the third node and tlie (LviaJ at the fourth from the tip. 
The foliar bud gets its vascular supply from the central cylinder before the collar 
separates from the axis, but they do liot develop into branches. Branch buds 
are always axial in origin (Figs. 39, 73). 

11. Hyaietiodiclyon excehiim Wall — Trees or shrubs, leaves opposite, stipules 
subentire. Seven to sixteen branchless nodes intervene between two nodes with 
branches (Fig. 11). 

The node is unilacunar; the single trace bundh? movies into the (!()llar and its 
subsequent behaviour is similar to tliat of tlui [)revious species. The petiole separates 
with three bundles and tlui stipules get 7-9 bundles each, of which the central one 
is composite (Figs. 42-44). 

^ 4 Buds are both foliar (Fig. 74) and axial (Fig. 75) in origin. The foliar is 
ephemeral, the axial develops into a branch with vascular supply from the central 
cylinder. 

12. llatniUnnia ^'^aavmlcns Koxb. — An undershrub with spreading branches, 
leaves opposite, stipules short, atuiU^. Brain describ(^s the stipule as intrapetiolar 
and persistent. Two to ten branc^hless nodes intervene between two nodes 
with branches (Fig. 12). 

The node is unilacunar. Trace bundle moves into the collar where its behaviour 
is similar to that in other species with one- bundle leaf-trace. A distinct but faint 
separation zone is formed between the axis and the collar. T'he petiole receives 
only the central part of the trace bundle and the intcrpetiolai^ regions of the collar 
four bundles on each side, but the interpetiolar stipules get three bundles each, 
the central one being composite (Figs. 45, 40). 


Explanation of figures 

Figs. 14-48. — are camera liicida drawings, magnification of each figure lias been noted against it. 

The figures are mostly from transverse sections (t.s.) of the shoot apices, and 
show the collar, the mode of its separation from tlie axis, the origin of sheathing 
and interpetiolar stipules, theur vascularization, et(;., and tlie glands. 

Figs. 14-10. — Odrdenia lucida^ t.s, X oO. 

Fig. 17. — Gardenia tkunberyia, t.s. X HO. 

Figs. 18-21. — Portlandia yrandijioray t.s. x 50. Fig. 19 also shows tho axial bud, and 
its separation zone (sz). 

Figs. 22-23. — Rarulia dumetorum, t.s. x 75. 

Figs. 24-25. — Mussaenda frondosa, t.s. X 50. 

Figs. 26-28. — Luculia gratisainia, t.s. x 50. 

Figs. 29-30. — Coffexi arabica, t.s. X 100. 

Figs. 31-33. — Coffea hengalenais, t.s. x 100. 

Figs. 34-37. — Adina cordifolia^ t.s. x 50. 

Figs. 38-41. — Morinda citrifoliay t.s. X 30. Fig. 39 also shows axial bud. 

Figs. 42-44. — Hymenodictyon excelmm, t.s. x 30. 

Figs. 45-46. — Hamiltonia suavex)len^, t.s. X 30. 

Figs. 47-48. — Ruhia edgeworthii, t.s. x 100. 
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l>ud priinordium is foliar in origin (Fig. 76). It receives its vascular supply 
from the axial cylinder before th(i collar separates from the axis. It is not always 
ephcmerfrl. Axial buds originate from the lower nodes (Fig. 77). 

1‘b Ruhia ( dijurortliii Hook. — Herbs, scandent, leaves opposite, stipules 
stalked, foliac(*fuis, morph(dogically similar to leaves in size, shape and vasculariza- 
tion. liranching regular (Fig. 13). 

The node is uni lacunar. The leaf-trace- bundle moves into the collar, but 
its behaviour is (juite different from that in the species described with one-bundle 
leaf-t ni(*(\ 'I3ie trace bundles of the opposite pair of leaves extend by their arms 
wliicli nu‘et and fuse to form a complete girdle round the axis (cf. (kilium mollugo, 
Ruhia rordifolia). From the region of their union a branch (jointly contributed) 
is sent towards the periphery of the collar which enters the stipule as its trace 
(Figs. 47, 48). 

A ftH4)le separation zone is seen to differentiate at the junction of the collar 
and the axis, but actual separation starts external to the bud priinordium, which 
is thus axial in origin and gets its vascular supply directly from the axial cylinder. 
.Vo foliar bud has been seen to organize in this species (Fig. 78). 

Dlsoussion 

1. The sp(‘cies studied show tlie following external features : 

1. In hiibit th(\v rang(^ from trees to scandent herbs. 

2. Hramhing is notc^worlhy. All the leaves on the stem or parent axis do 
not- bear secondary branches. Between two successive branch-bearing 
nodes come nodes, one to sixteen, without branches. 

3. Leaves are p(4iolat(‘, occur in pairs except- in Gardmia thniibergia where 
tfiey arc normally in w horls of three, and in (G lucida which occasionally 
shows a node with three leaves. 

4. All the leaves are stipulat(‘. Tlu^ stipules are mterpeiiolar, sheathing (connate), 
partly sheathing and partly inter petiolar and foliaceous (see under Stipules). 

0. 41ie leaves are all cotnplefe, i.e., each leaf consists of three parts : the blade, 
the petiole and the leaf-base. 

fl. The Leaf -base : 

1. The foliar foundatiems unitx^ by their extending arms around the axis and 
form a collar confluent with it. In all the species reported here the collar 
grows upwards, fr(K‘ from the axis, in the form of a tubular sheath. All 
vascular adjustments for the petiole and stipules take place in the collar. 
(Mitra and Majumdar 1952, Majumdar, 1955a, 1956; Majumdar and Pal, 
1958a). 

The foliar foundation represents the base of the leaf (leaf-base). This has 
been establislu'd on the evidence of its initiation, ontogeny, anatomy and vasculari- 
zation at the slioot apex (Majumdar, 1955a, 1950; Mitra, 1949). Support for this 
finding comes very recently from Wliite (1955) who states that leaf-bases of each 
pair (of decussate leaves) of Acer pseiidoplaiamis are extended lateraUy and fused 
to form a collar (or collet) surrounding the axis (P. 437). Long before Goebel 
(1889) and Ganong (1894) thought that only the leaf-base surrounded the stem 
(Boke, 1955, p. 1). Boke supports Ganong’s conclusion that ‘the stem is surrounded 
by decurrent leaf-bases’ which in its turn supports the leaf-skin theory of Saunders 
(1922) (cf. berindung theory of Hofmeister, 1851, and mantle-core theory of Mitra 
and Majumdar, 1952, for the constitution of the internode). The collar in the 
Rubiaceae, therefore, represents the leaf-bases united by their outer margins. 
It consists of tw o parts : the lower confluent with the axis, and the upper free from it. 
When the free portion of the collar is absent, as in China-rose, Jasminum, etc., 
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aild its lower portion entirely incorporated in the axis as its outer mantle, the leaf 
is held without a base (as done by the American botanists, see Majumdar, 1955a) 
and the stipules, if present, are regarded as caulme (Parkin, 1948). 

Strasburger (1930) stated that the petiole is never inserted directly on the axis. 
It appears to be correct only when the foliar foundation or the collar is taken to 
represent the leaf- base. In many cases the sheathing base of the leaf is described 
as the base of the petiole flattened or expanded. But this is not supported by 
the phylogeny and ontogeny of this organ. The petiole is a later addition to the 
leaf, and is intercalated between the blade and the leaf-base (Majumdar, 1957). 

2. Each collar, confluent or free, has two regions : the petiolar and the inter 
petiolur. The petiolar region is radially extended and contains only the median, 
or the median and the laterals of a three-bundle leaf-trace, or in the case of a single- 
bundle leaf-trace, its central part with or without two other secondary bundles 
given out by the extended free ends of this bundle. 

3. The petiolar region separates from the rest of the collar and grows into 
the petiole with three or one bundle as the case may be. The petiolar region, the 
petiole and the midrib of the blade are continuous, and the sheathing base, as we 
have mentioned before, is often mistaken for the petiole with expanded base (e.g. 
Paiiax, Herachum, etc.). 

4. After separation of the petioles (leaves opposite) the collar may immediately 
resolve into two interpetiolar stipules, or may grow up for some length before being 
split up into a pair of interpetiolar stipules, or may grow up and completely enclose 
the bud as a connate stipule, or may give rise to foliaceous stipules as lateral append- 
ages like the leaves (see under Stipules). 

III. The Stipules : Stipules are outgrowths of the leaf-base at and above the level 
of separation of the petiole from the former. In twelve species they are sessile 
when they may be regarded as the continued upgrowth of the collar, and in 
the thirteenth species, i.e., in Rubia edgeivorthii, the stipules are stalked and 
lateral in origin like the leaves. 

The stipules in all the thirteen species can be divided into the following types : 

1 . Interpetiolar— pair of stipules, one from each leaf, on the same side of the 
axis, united by their outer margins. They may be : 

(i) Triangular — broad and/or acuminate or acute with receding margins 
towards the apex. There is no connate growth at the base, and the 
collar splits up and grow into a pair of stipules immediately after the 
separation of the petioles, e.g. Mussaenda, Hymenodictyon and Hamiltonia, 

(ii) Co7inate at base, split open into a pair of interpetiolar stipules near the 
upper region : 

(a) connate for a very short distance, about 20-25/1, e.g., Coffea spp., 
Adina, and Morinda; 

(b) connate for about 500// above shoot apex — e.g. Randia; 

(c) connate for about 1000 — 1500/^ above shoot apex — e.g. Portlandia, 
Luc alia; or 

(d) overlapping by their inner margins near the tip : Coffea arabica — 800//, 
(Joffea bengalensis — 520//, and Randia duynetorurn — 160// above the 
shoot tip which they completely enclose. 

2. Sheathing : — Connate all throughout. All the four (leaves opposite), or six 
(leaves in whorls of three) stipules are united by both the margins up to 
the tip. They form only one stipule which has been described as connate^ 
e.g. Gardenia lucida, G. thunbergia, 

Willis (1951) writes : the stipules in the Rubiaceae stand between the petioles 
(interpetiolar), or between the petioles and the axis (intrapetiolar or axillary), 
and are frequently united to one another and to the petiole, so that a sheath is 
formed round the stem (pp. 573-574). 
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But true intrapetiolar (axillary) stipules we have not found in the twenty-four 
species of the Rubiaceae so far studied by us. The sheath is not formed in the 
way. suggested by VV^illis. In the species described the sheath and the sheathing 
stipules are formed in the following ways : 

(i) fihrath : The collar after being free from the axis grows upwards in 
the form of a tu}>ular sheath with the petiolar regions. The sheath 
is formed by the union of the Ieaf-l>ases, and the petiolar regions represent 
the foliar foundations (Sovhassemetit foliares of Gregoire, J935) at their 
initiation at the shoot apex. 

(ii) Sheathing stipule — In the ease of connate stipules theinterpetiolar regions 
of the collar with a strip of the adaxial tissue of the petiolar regions 
se])arate from the petiolar regions (now petioles) and grows upwards 
in the form t)f a sheathing stipule, as in the Gardenia spp. In the case 
where the stipules is sheathing at the base but split open at the upper 
region the sheathing portion is formed in the way described above. 

Willis made the evid(*nt mistake by confusing the petiolar region of the collar 
with the petiole pro])er. The nature of the foliar foundation as the base of leaves 
came to be realised only lately. 

Whether tlie collar {unit(‘d leaf-bases) would outgrow into a pair of inter- 
petiolar sti{)ules or a sheathing stipule after separation from the petioles dej)ends 
on the disposition of branch bundles (stipular traces) in the adaxial face of the 
collar (see below). 

8. Foliacenus : Foliaceous .stipules are leaf-likt^ in sliape, size and vasculari- 
zation and are stalked lik(^ t he leav(‘S of whose bases they arc* outgrowths, e.g. Ruhia 
spp. Idle three g(‘nera, Galium. Ruhia and Asperula ’are characterised by the 
resemblance of the stipules to the leaves’. 

IV. Vascular Supply to the Stipules : Vascular supply to tlie leaf-base of which 

the stipules are outgrowths, may be descril)f‘d according to the number of 

bundles which constitute each leaf-trace. Thus : 

(i) Node trilacunar — trace bundles three, widely separated from one another, 
e.g. Gardenia lucidn. and Portlandia, but the}^ are closer in G. thunbergia. 

(ii) Node unilacunar- trace bundles three, but they depart for the collar 
together leaving a wide gap in the axial stele, e.g. M ussaenda, Randia. 

(iii) Node unilacuuar — trace bundle consists of three juxtaposed bundles, e.g. 
Adina . 

(iv) Node uiiilacu7iar~- U\ivx^. bundle one, e.g. Luculia, Hymenodictyon, 
IJamiltonia, Coffea, Aforinda and Ruhia. 

From a close study of the distribution of trace bundles in the above species it 
would appear that there may be some truth in the statement of Sinnott and Bailey 
(1914) that the unilacuuar condition of the node arose either by the approximation 
of the three trace bundles to one another, or by complete merger of the laterals with 
the median. Suppression of the laterals to give rise to the unilacuuar condition 
has not been observed in any of the species studied. 

In the final disposition of the vascular bundles from the axial stele or cylinder 
the petiole in the majority of cases gets three bundles of which the central one is 
the median or its equivalent, and the stipule gets the laterals and/or their branches. 
The distribution is noted below : 

Gardenia — in both the species the laterals send out branches (by division) to 
the interpetiolar regions of the collar and also to the adaxial side of its petiolar 
region. These branch bundles in their turn send branches to form a second series 
of bundles to run parallel to the inner face of the collar. The stipule (connate), 
however, gets only the second series of bundles, equally spaced all round, as its 
vascular system. 
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Portlandia — Each stipule gets 9 branch bundles of which the central one is 
a composite one. The branch bundles are not equally spaced, but leave a wide 
gap opposite the median. The stipule which is connate at the base splits open 
in this gap due perhaps to vigorous growth upwards round the midrib bundle. 

Mussacnda — Each stipule gets 10 or 12 branch bundles the central ones do 
not unite but grow independently and a bi-fid stipule is formed. 

Each stipule in Ilandia gets 7, in Coffea arahim 9, Coffca henqalenMs-l , , 

Adimi-\\, Morinda-r», Hymcnodiclyon-l , llamUtonia~\, and Ruhia-\ — the central 
bundle in all cases is a composite (contributed hy two opposite laterals) one. 

The stipules in twelve species are the results of vertical up-growth of the united 
leaf-bases with branches of the laterals or their equivalents as their vascular supply. 
In Ruhia, however, the stipule is a stalked lateral outgrowth with a trace which is 
sent towards the periphery jointly by both the leaf-traces. The origin and develop- 
ment of the sheathing stipules can bo compared with those (ochrea) of Polygonum 
orientale (Mitra, 1945; Majumdar, 1956). 

V. Methods of sejiaraiion of the collar from the axis, — In every species studied the 

collar separates from the axis and grows upwards in the form of a tubular 
sheath. In Ruhia a distinct circular separation zone is formed at the junction 
of the collar and the axis. This zone also gives rise to glands (cf. Qalmm), 
In Lucnlia, and Hamilloma the origin of the separation zone is confined to the 
lateral regions. In the majority of eases the actual separation starts from 
the lateral regions but in Cqffea bengaJensis and Ruhia the separation begins 
from opposite the median bundle. 

In the majority of cases tlie separation of the leaf-base from the axis appears 
to be due to the unequal vertical growth of the axis and the collar. This fact also 
leads to the suggestion that the axis and the collar belong to different organizations. 
Kundu and Kao (1957) noticed in Boehmeria “differences in growth rates of the 
central and peripheral zones of the axis’", the peripheral zone might mean the collar, 

VI. Sej^aralion of the 'petiole from the collar, — After it has separated from the axis 
the collar grows upwards in the form of a connate sheath for some time before 
its pctiolar regions separate to grow into the petioles. It separates from 
the collar in two ways : 

(i) In Mussaenda, Hymenodictyon and Ilamiltonia where the connate leaf- 
base after the separation of the petiolar regions directly grows into a pair 
of intcrpetiolar stipules, the separation starting from outside proceeds 
obliquely towards the centre of the petiolar region on the adaxial side 
and opens into the cavity just in front of the median bundle. The petiole 
assumes a biconvex shape, the inner more projecting and sharp than the 
outer one (Figs. 25, 44, 46). 

(ii) In all the other species where the base of the stipule is connate, but splits 
up into two intcrpetiolar stipules at the upper region, the separation starts 
from outside and proceeds inwards between the laterals and their branches 
almost horizontally or slightly convexly leaving a strip of tissue with 
the branch bundles continuous with the intcrpetiolar regions of the collar 
(Figs. 21, 23, 28, 30, 33, 37, 41). 

In the case of Gardenia stipular bundles are uniformly distributed in its tissue 
around the axis, and the upward growth of the stipule is without any break, but 
in the other species the bundles leave wide gap in front of the median, and the 
splitting takes place in this gap. In Ruhia the origin and development of the 
stipule is like that in Galium mollugo (Majumdar and Pal, 1958a) and in Ruhia 
cordifolia (Majumdar and Pal, 19586). 
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The Axillary Bud 

The axillary bud and its axillaiit leaf are elosely asso(;iatc‘d together. These 
buds are important in the life of a plant as their presenee or absence giv<‘s tlu^ 
latter its habit and form. 

At least three problems relating to the axillary bud still remain unsolved 
and they are : its origin, vaseiilai ization and its morphology and relationship with 
its axillant leaf. 

In the majority of eases so far investigated the origin of the axillary bud has 
been reported as axial from the ‘detached meristem’** (Koeh, 1S9.‘1; (Joebel, 190o, 
Louis, 1935; Reeve, 1943; Sifton, 1944: Miller and Wetmore, 1940; Garrison, 1949a, h\ 
1955; Philipson, 1949; Sterling, 1949; (dfford, 1951; Kundu and Rao, 1954, 1955, 
amongst others). Foliar origin has been repen ted only in a very few eases (Vo(4iting, 
1873-74; Leinfellner, 1937; Majurndar, 1942; Majumdar and Datta, 1940). In 
monocotyledons, at least in the Grarnineae, the axillary bud is axial in origin 
(Sharman, 1942, 1945; llsii, 1944: Ledin, 1954; Saha, 1954). 

Bud traces an^ mostly acropttal in differentiation from the central cylinder. 
In the majority of eases two bundles leave for the bud from the eruls of the central 
cylinder flanking tlui gap caused in it by the departure of the median strand ol‘ 
the axillant leaf. Their ha, ni petal differentiation has l>een reported in the ease ol‘ 
foliar buds. 

Garrison (1955) considers the above as 'contrasting viewpoints’ (p. 203). I do 
not know if she meant that there should be only one type of origin and one type 
of vascularization for all axillary buds. 

It is now agreed that axillary buds may originate close to the apical meristem 
of the parent shoot, or at some distance from the apical meristem. Esau (1953) 
relates this difference in origin to the time and position of bud development. 
Philipson (1949) has suggested that the bud-trace differentiation is related to time 
of bud development. He writes ; In buds that develop simultaneously with the 
leaves (near the apex) the vascular strands arise acropetally, whereas traces of buds 
which develop long after the leaf, arise basipetally bcc^ausc they become seats of 
renewed meristematic activity located in vacuolated tissue. 

Kundu and Rao (1955, 1957) have in their later contributions on the subject 
suggested that the origin of buds might be axillary, foliar and cauline, and each 
of them after their origin may assume any of the other positions by adjustment 
during growth and development. But the authors do not explain what they meant 
by cauline and axillary origin of buds. Esau points out that axillary buds generally 
arise on the stem, and therefore cauline in origin. (Wc arc not dealing with extra- 
axillary, supra-axillary and accessory buds which are always cauline in origin). 
She thinks the term axillary is, therefore, somewhat inaccurate. But I think, 
at least for descriptive purposes, it is quite accurate if the bud is found in the axil 
of the axillant leaf. 

But what is meant by axil’l Axil (L. axilla — armpit) is the upper angle formed 
by a leaf and the supporting stem (Heinig, 1899), syn. intrafoliaceous. But at 
its insertion on the axis the free limb of a leaf embraces quite a portion of the axis. 
The axil, therefore, should be, as I think, the angle of contact between the leaf 
opposite its median bundle and the axis. Only the buds which occupy this angle 
are to be called axillary, whether the origin be foliar or axial, and other buds lateral 
to it should be regarded as accessory. Thus : 


group of cells which at one time formed part of the apical meristem and which have 
retained their meristematic potentialities’ (Wardlaw, 1962 ). 
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Axillary bud Axial (eaiiline) 

(positional) Foliar 

At the time of origin neither axial nor foliar. 

Ihe relationship with the axillant leaf is not clear. W'arming (1872) suggested 
that the axillant leal and its bud constitute one unit . According to him the axillant 
leaf might be treated as the hrst and only leaf of the axillary bud (see for further 
and fuller account, Arber, 1050; Majumdar, 10556). No one ieeins to have pursued 
the theme further. 

With regard to its morphological nature Arber (1050) offered a theory : Accord- 
ing to her the axillary bud is the offspring of the leaf, th(^ })artial shoot, the' product 
ot its basal lobes (p. 120). The primitive leaf was taken to be a trilobed one. She 
ehiborated the arguments on which she based her theory. Majunidar (10556) 
a theory alternative to that of Arber. According to him the axillant 
leal and the axillary bud represent two primordia of the distal forking of a branch. 
The outer one (positional) develops cpiickly and rapidly to form the leaf primordiiim 
under the influence of its acropetally differentiating median stratid which follows 
its erection closely. The other (inner) remains undeveloped until its tra(‘e comes 
from the axial cylinder a little later than the median tracic bundle of the k'at’ (10556, 
pj). 01-02). Thus according to Majumdar the axillant leaf and its axillary bud 
represent a twin structure inst(vad of the parent and its offspring. The position 
ot the bud in relation to its primordium also appears to lend suj)port to the theory 
of Majumdar. 

The Rubiaceae appear to be unique in so far tliat the origin of the axillary 
bud is definitely both foliar and axial in origin, and they occur in the same bud, 
and sometimes at the same node. The foliar buds are mostly ephemeral, and 
branches develop from the axial buds wdiich always receive their vascular supply 
from the central stele. At least in half a dozen s])ecies, in the axils of the same 
leaf, twin foliar buds, twin axial buds and both foliar and axial buds occur at the 
same node. Another noted fact is that bud initials arise by de-differentiation of 
vacuolating dividing cells of the leaves (foliar) and axis (axial). 

The following account gives a summar^'^ of observations of 24* species so far 
studied : 

I. Orkun of the bud ; Either axial or foliar, but not 

BOTH IN THE SAME BUD 

Species Origin Vascularization Development 

1. Ruhia edqeworthii (Fig. 78) Axial Acropetal into a branch 

2. R. cordifolia (Fig. 79) Axial Acropetal ,, branch 

(Majumdar and Pal, 19586) 

3. Catesbea s'pmosa (Figs. 80-82) Axial Acropetal ,, spine; branch-buds 

(Majumdar and Pal, 19586) arise secondarily be- 

tween the spines and the 
leaf at node 6 below^ 
(cf. Randia) 

4. Anthocephalus cadamba Foliar Acropetal into a branch 

(Fig. 83) 

(Majumdar and Pal, 1959) 

5. Cinchona ledgeriana Foliar Acropetal ,, branch 

(Figs. 84,85) 

(Majumdar and Pal, 19586) 


♦Thirteen species have been described in this paper, the rest are from papers already 
published (Majumdar and Pal, 1958a, 19586). 
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In all the five species the bud primordium differentiates in the ground tissue 
at the junction of the axis and tlie collar. Separation of the collar from the axis 
starts in the interpetiolar regions and proceeds towards the median bundles of 
the leaf traces. If the line of separation passes external to the bud primordium 
it becomes axiaL if internal to it the bud primordium goes with the collar and 
becomes foliar. In th(i earlier stages of bud initiation it can not, therefore, be 
strictly assigned either to leaf or to the axis. 

II. OUTOIN OF TUK Bl-1) : AxIAL OR FOLIAR AT THE SAME OR 
DIFFERENT NODES OF THE SAME BUD 

0. (Utrdenin Ivcida (Figs. 40-50) At the same or different nodes : 

Foliar — a few mcristematic cells, no vascular 
supply, ephemeral, first appearance at second 
node frf)m apex. 

Axial — acropetal vas. supply, develops into 
branch, in lower nodes. 

Branching — 1-3 branchless nodes between 2 nodes 
with liranehes. 

7. f/. thunhergia (Fig. 51) Foliar — acropetal, soon falls off, at upper nodes. 

Axial— acropetal. develops into branch, at lower 
nodes. 

Hramhing — 4-5 branchless nodes intervene be- 
tween 2 nodes with branches. 

Foliar— at the upper node, ephemeral. 

Axial — at lower nodes, acropetal vascular supply, 
develops into branch. 

Branching — 1 -3 branchless nodes intervene 

between two nodes with branches. 

At different and same nodes : 

Foliar — only a k\\ meristematie cells, no vascular 
supply, ephemeral, upper node. 

Axial — bud primordium originates at junction of 
collar and axis : it separates from both 
collar and axis by a separation zone of its own, 
vascular supply acropetal, develops into a 
branch. From the manner of origin and 
separation it can not properly be referred to 
eitlier axis or leaf. 

Branching -2-5 branchless nodes come between 
two nodes w ith branches. 

10. Randia dtimeioruin (Fig. 54) Same and different nodes : 

Foliar — no vascular supply, ephemeral. 

Axial — acropetal vas supply, develops into thorn. 
Axial — secondary in origin between the thorn 
and the leaf in lower nodes which develops into 
branches. 

11. Musmeyida frondosa (F\^. origin at different nodes: 

Foliar — no vascular supply, ephemera], arises at 
upper nodes. 

Axial — acropetal, at lower nodes, develops into 
branches. 

Branching — 3-10 branchless nodes between 2 nodes 
with branches. 


S. (L Jlorida (Fig. 80, 87) 
(Majumdar and Pal, l058/>) 


9. Portia ndi a qrayidi flora 
(Fig. 52-53) 
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12. Luculia gralissima at different nodes: 

(Fig. 56, 57) Foliar — no vascular supply, ephemeral, at upper 

nodes. 

Axial — acropetal vas. supply, the bud separates 
from tlie axis and the leaf by the formation of 
a separation zone around itself. Therefore, like 
that in Porthindia its origin is independent (?) 
of the leaf and the axis. 

Branching — 4-5 branchless nodes come between 
two nodes with branches. 

13. Cojfea arahica (Figs. 58-05) : This species is unique among the species so far 

examined. It shows three types of axillary 
buds in the same bud : 

(i) Foliar and foliar as twin buds in the axil of the same leaf of a 

node, the distal gets vascular supply from the axial cylinder, 
and the proximal from the distal (iMgs. 01-63). 

(ii) Axial and axial as twin buds in the axil of the opposite leaf 

of the above node; the proximal gets its vascular supply 
from the axial cylinder and the distal from the proximal 
bud, (Figs. 64, 65) and 

(iii) Foliar and axial at a different node with vascular supply from 

the axial cylinder (Figs. 58-60). 

14. Goffea beMgaleiisis Foliar — acropetal, at upper node. 

(Figs. 66-69) Foliar and axial— at the same node, as twin in 

the axil of the same leaf; the distal gets its 
vascular supply from the axial cylinder and the 
foliar from the axial bud trace. 

15. Adina cordifolia (Fig. 72) at different nodes — 

Foliar — acropetal vas. supply, falls off soon, at 
upper nodes. 

Axial — acropetal, develops into a branch, at 
lower nodes. 

Branching — 2-0 branchless nodes between two 
nodes with branches. 

16. Morinda citrifolia at different nodes : 

(Figs. 39, 73) Foliar — acropetal vas. supply, falls off soon, at 

upper nodes. 

Axial — acropetal, develops into a branch, origin 
at lower nodes. 

Branching — 1-3 branchless nodes between 2 nodes 
with branches. 

17. Hymenodictyon excels urn at different nodes : 

(Figs. 74, 75) Foliar — acropetal vas. supply, falls off soon, at 

upper nodes. 

Axial — acropetal, develops into branch, at lower 
nodes. 

Branching — 7-16 branchless nodes between 2 nodes 
with branches. 

18. Uamiltonia suaveolens at different nodes : 

(Figs. 76, 77) Foliar — acropetal vas. supply, falls off soon, at 

upper nodes. 

Axial — acropetal, develops into branch, at lower 
nodes. 

Branching — 2-10 branchless nodes between 2 
nodes with branches. 
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19. fi amelia patens at different nodes — Buds originate at junction of 

(Figs. 88-91) axis and collar, axial or foliar is determined 

(Majurndar and Pal, 1959) hy the line of separation passing external or 

internal to it (cf. spp. 1-5 above) 

Foliar — acropetal vas. supply, falls off soon, first 
seen at nc>de three from tip (Figs. 88-99). 

Axial — acropetal, develops into branch, at 6th 
node below (Fig. 91). 

Branching — 2-4 brancliless nodes between 2 nodes 
with branches. 

20. //. sphaerocar pa as in the other species. 

(Figs. 92, 95) Foliar — acroptel vas. supply, ephemeral, first 

(Majurndar and I^il, 1959) noticed at node 2 (Fig. 92). 

Axial — acropetal, develops into branch, at 6th 
node (Fig. 95). 

21 . (Jaliuni mollutjo 'riiree types of bud formation are noticed in this 

(Figs. 94. 95) species : 

(Majurndar and Pal, 1958a) 

(i) Foliar — at the same node, one each in the axils of the pair of 

opposite leaves. 

(ii) Axial— at the same node, one each in the axil of the pair of 

opposite leaves (Fig. 94). 

(iii) Foliar and foliar as a twin at the same node in the axil of 

the same leaf (Fig. 95). 

22. Oldenlandia Ilcpnii Foliar — Twa) foliar buds {tvdn) organize at the 

(Figs. 96-98) same node in the axil of the same leaf; the 

(Majurndar and Pal, 1958/;) distal one gets its vascular supply from the 

axial cylinder, and the other represented by 
a few' meristcmatic cells gets its very feeble 
vascular supply from the median trace bundle. 
The distal bud develops into a very small bud 
(Figs. 96, 97). 

Axial — acropetal, develops into a branch, arises 
in the lower nodes (Fig. 98). 

Branching — double branches are found in the axil 
of the same leaf, one remains small. 


Explanation of Plate Xi. 

( A u: lllanj Buds ) 

PigK. inicropiiotogruphs of tnnisver.se (t.s.) and longitudiunl (l.s.) sootioiLs of iho 

upical hud to show particularly the origin, development and vascularization of 
the axillary buds, foliar ami axial. For details see text. 

Pigs. 4U -50,- Incidd^ t .8. 

Pig. 51. — (lardcfiia thunbergia, t.s. 

Figs. 52-53. — Portlandia gnindi flora , t.s. 

Pig. 54. — Bandia dumetorvm, t.s. 

Fig. 55. - -Mussaenda frondosa, t.s. 

Figs. r>t)-57. — Luvuliu (jratissuna^ t..s. 

Figs. oH-Hf). — Coffca nrubica, t .s. 

Figs. 6H-6U. — Coffca heognloisis, l.s. 

Figs. TO~72. — Adhia roniij'olia, t.s., hut fig. 70 is a logisection to show the stipule bases free 
from axis. 

—Moripda ciirifolia, t.e. 


Figs. 73. 
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23. Dentella repens 
(Figs. 99-102) 
(Majumdar and Pal, 19586) 


24. Stephaqime parviflora 
(Figs. 103-104) 
(Majumdar and Pal, 19586) 


From the foregoing account 
buds in twenty-four species of the 


Foliar — ephemeral at upper nodes (Fig. 102), 
Branches — double are found at each node, one 
remains small. Axial and axial as a pair of twin 
and foliar buds originate at the same node, 
the proximal gets its vascular supply from 
the axial cylinder, and the distal from the bud 
trace. The foliar is represented only by a 
few meristematic cells (Figs. 99-101). 

Foliar (?) — originates at the junction of the leaf 
and axis, vascular supply from the axial cylin- 
der, a separation zone separates it from the 
axis, falls off soon (Fig. 103). 

Axial and axial as twin buds arise at the same 
node in the axil of the same leaf, the distal 
degenerates and the proximal develops into 
a branch. The distal gets its vascular supply 
from the proximal, and both separate from the 
axis and the collar by their own separation 
zone formed round them (Fig. 104). 
of the origin and vascularization of the axillary 
Kubiaceae the following conclusions are inevitable : 


T. Their origin : Axillary buds may be foliar and/or axial in origin. 

1. In some cases the foliar or axial origin of the bud is determined by the 
line separating the collar from the axis passing external (axial) or internal (foliar) 
to the bud which takes its origin in the ground tissue at the junction of the two 
organs. The buds receive their vascular supply from the axial cylinder as in Kuhia, 
Catesbea, Anthocephalus^ Cinchoyia, Siephagyney Hameliay Gardenia, Mussaenda, 
Adina, Mormda, Hyrnenodictyon and Haniilionia, 

2. In some cases the origin of the bud is similar to that in (1). but they separate 
from the axis and the collar by the formation of a separation zone round each of 
them as in Portlandia and Luculia, 

N.B. — In (1) and (2) at the time of the origin a bud is neither axial nor foliar. 

3. The foliar buds, which in most cases appear at upper nodes of the bud, 
are mostly ephemeral, with or without vascular supply, whereas the axial buds 
which appear at lower nodes of the same bud with vascular supply from the axial 
cylinder, develop into branches. This is reflected in the nature of branching on 
adult stems. 

4. In some species, e.g. Catesbea and Randia, the branch buds arise secondarily 
on the axis between the spine or thorn and the leaf at the node. 


Explanation op Plate XII 

{Auxiliary Buda continued) 

Figs. 74—75. — Hyrnenodictyon excelauniy t.s. 

Figs. 76-77. — Hainiltonia suaveolensy t.s. 

Fig. 78. — Rubia edgeworthiiy t.s. 

Fig. 79. — Rubia cordijolia, t.s. 

Fig.s. 80-82. — Catesbea apinosa, t.s. 

Fig. 83. — Ariihocephalua cadambay t.s. 

Figs. 84-85. — Cinchona ledgeriamiy t.s. 

Figs. 86-87. — Gardenia floridUy t.s. 

Figs. 88-91. — Ha'tnclia patens, t.s. 

Figs. 92-93. — Hamelia aphaerocarpa, t.s. 

Figs. 94-95. — Galium mollugOy t.s. 

Figs. 96-98. — Oldenlandia Heynii, t.s. 

Figs. 99-102. — Dentella repens , t.s. 

Figs. 103-104. — Stephagyne parviflora, t.s. 

3 



206 


PRADYOTKITMAB PAL .* DEVELOPMENTAL STUDIES. IV. THE ORIGIN AND 


6. In some species, e.g. the foliar and axial buds originate as twins at the 
same node and in the axil of the same leaf, e.g. Randia, Cof/ea arabica, C, bengaleiisis 
and PorLlandia. 

6. In some species, e.g. Oldenlandkiy Galium, Coffea arabica, foliar and foliar 
buds originate as twins at the same node in the axil of the same 

7. In some species, .such as. Dent lla, Stephagyne and 0. arabica, axial and 
axial buds as twins arise at the same node in the axil of the same leaf. 

8. In Dmtella there occur three buds, foliar, axial and axial in the axil of the 
same leaf. 

II. Thf.ir relationship ivith the axillant leaves, ayid morphological nature : 

It is indeed dilli(^ult to suggest any relationship between the axillant leaf and 
its bud. In a few species the bud at its initiation is not at all conneeted directly 
with the axis or the leaf. In the majority of cases the foliar buds take their origin 
in the tissues of the leaf, and the axi«d in the tissues of the axis. In one case a 
foliar bud has been sec^n to take origin 220/^ above the shoot apex (e.g. (Joffea 
arabica). The axillant leaf cannot, therefore, be regarded as the first leaf of the 
bud as suggCwSted by Warming (1872). 

Arber’s (1950) parent-offspring theory is not supported. There is no indication 
that the bud is produced by the face to face union of the basal lobes of the axillant 
leaf. Our observations, however, to some extent, support Majurndar’s (1955) theory 
that the axillant leaf and the axillary bud may represent the two forks of a dicho- 
tomous branching of an axis. 

The origin of axillary buds reported in Oaliuniy Olde/nlandia , Deniella, Stephagyne, 
Coffea bengaleusis, and particularly in Coffea arabica, are very interesting. The twin 
buds, foliar and foliar, axial and axial, and foliar and axial, and their vascular 
supply a})pear to point to the identical iiature of the foliar and axial buds. Their 
origin, position, witli reference to one another and their vascularization point to the 
following conclusions : 

(i) The leaf and the axis, both of which bear the axillary buds, arc equivalent 
organs. This lends support to Arber’s (1950) partial-shoot theory of the 
leaf with ‘an inherent urge towards the development of w'hole-shoot 
character’ (p. 78). Recently Wardlaw (1949, 1957) and Cutter (1956) 
have shown that bud could bo induced in a leaf-site, and an undetermined 
leaf primordium could be transformed into a bud. 

(ii) In many species the bud initiation takes place in the tissue at the junction 
of the CAjllar and the axis before the former separates from the latter. The 
collar then separates from the axis, and during the process if the line of 
separation passes external to the bud primordium it becomes axial, and 
if internal to it, it becomes foliar. In some species a separation zone 
organises surrounding the bud primordium to separate it both from the 
collar and the axis. 

(iii) The buds appear to be twin products of ultimate dichotomy of an axis. 

(iv) The foliar buds normally do not develop into branches because of their 
position and vascularization to which may be added the hereditary factor 
controlling the system of branching in these species. 

(v) The axillary buds originate in the vacuolating dividing cells of the ground 
tissue. This is supported by Vochting (1874), Priestley and Swingle 
(1929), Majumdar (1942), Sharman (1942), and Kundu and Rao in un- 
branched jute (1954), though the majority of investigators reported their 
origin from ‘detached meristem’. 

(vi) The branch buds, whether axial or foliar in origin, always receive their 
vascular supply from the central stele, whereas the foliar buds which are 
mostly ephemeral, are without any vascular supply, or get supplies from 
the median bundle of the leaf-trace, of secondarily from the axial bud- trace. 
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Conclusion 

1. The collar of the Rubiaceae represents the united bases of the leaves, two 
or three as the case may be. It has two parts : one or the lower included in the 
axis as its outer component, and the other free from it and grows upwards in the 
form of a tubular sheath. 

2. The collar is differentiated into two regions : the pctiolar regions which 
contain the median bundle of the leaf-trace or its equivalent, and is radially extended; 
and the interpetiolar regions forming its lateral parts which generally contain the 
laterals and/or their branches. 

3. The sheat’ ing leaf-base or the free collar extends up to the region of separa- 
tion of the petiole which is continuous or the prolongation of the petiolar regions 
{souhasspjnenfs foJiares of Gregoirc, 1935) free from the collar. 

4. The interpetiolar regions of the collar in continuation with the adaxial 
strip of the petiolar region after the sep.aration of the petiole grows upwards in 
the form of a connate stipule, as in Gardenia j^pp. No inter-or intra-pctiolar stipules 
are formed in this case. 

Or, th ^ collar may grow into a pair of interpetiolar stipules immediately after 
the sex)aration of the petiole from it, or the collar may grow iipwards as a sheathing 
base before it separates into a })air of interpetiolar stipuk^s, or the collar by local 
outgrowth under the inlluenee of a composite bundle maj^ give rise to the stalked 
foliaceous stipules of the genus Rvbia. 

5. The stipules, connate or interpetiolar, receive their vascular supply from 
the laterals and/or their branches. Their development and vascularization have 
been followed and described in detail. 

6. The Rubiaceous species are unique in having both foliar and axial bud 
primordia developed in the same parent bud, sometimes at different nodes, and 
in some cases at the same node in the axil of the same leaf. 'I'hc foliar buds are 
formed near the apex and are ephemeral whereas the axial buds which normally 
develop into branches originate a few nodes below the growing point, and get their 
vascular supply directly from the axial cylinder. 

Another unique feature has been noticed and reported in the previous pages : 
the bud primordium originates in the ground tissue at the junction of the collar 
and the axis, it separates from both by the formation of a separation zone round it. 
For other points of interest see under The Axillary Bud. 
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Abstract 

To compare the elTcjot of yoasl, vitamin eom]>](*x, and vitamin Bj j on tlio survival 
rate of Indian minor carp (Lobfo bata, ('irrfiin<i reba, Cro-sHoctifiluH hitia), one day old carp 
wore randomly allocated to tliirty <‘X]Mirimental units. Using a rantlomiztMl block design, 
each unit was assigned to one of six treatments : control, Bj.., com])l(iX. yeast, yeast witli Bj 2 , 
complex witli B|o. Bj^ was given in tablets containing 2r>/xg crystalline B,-.’; B complex in 
tal)Iets containing 10 mg. t hiamin<i liydro<diIorid(.‘, 3 mg. riboflavin, « mg. })yridoxine hydro- 
chloride, 1/) mg. nicotinic acid ami(h‘, and 3 mg. calcium })antetljenat e; anci yeast in tablets 
containing 0.44 gm. rloliydrat < h 1 Brmver's yeast, 0.00 mg. thiamine hydrochloride, 0.03 mg. 
riboflavin, 0. 10 rug, niacin, 0.-3 gm. protein, 0.33 gin. carbohydrate, 0.02 gm. fat , and 0.03 gm. 
ash. Each exiH^rimontal unit contained 0 litres of water and received 1 tablet of eatdi of its 
as.signed substance.s daily for 14 day.s. After 14 days, 18 per c('ot in the untreated control 
surv'ived; 36 ()er cent receiving Bj j enly survived; and 78 to SO pc cent survived in treatments 
containing yeast or 15 complex. Differences between trt'atmenfs vveio .significant (P<[.01). 
Survival rates for all treatments were significantly greater tlian that of tla^ control, and 
treatments witli B complex or yeast significantly greater tlian treatment with Bj^m alone. 
Treatments including yeast or B complex did not differ significantly from each other. 


An important part of the diet in northeast India is provided by fresh-water 
fishes native to the region. Among the more popular fishes are the major and 
minor species of Indian fresh-water carp. 1'he major species include Uafla catia, 
i^irrhtna mrajala, and Labeo rohita, while the minor specit's iiulude Lahro hata, 
Labeo hoga, Labeo dero, Cirrhina reba, UrossocheHus latia, and others (Shaw and 
Shebbeare, 1937), 

In commerical carp cultivation, newly hatched fish are caught at the river 
spawning grounds and transported to large ponds. The fish are transported in 
earthen vessels in which they are kept for several days. The period immediately 
following hat(‘hing, when the fish are transferred to ponds, is characterized by a 
high incidence of mortality. Mortality is highest during the first few days, after 
which it gradually declines. Experiments in this laboratory show that, for some 
major species of carp, treatment with the B vitamins significantly enhances survival 
in this period. It may be that during the stage of most rapid growth which occurs 
after hatching, the young fish are particularly susceptible to deficiencies, which 
may be counteracted by vitamin supplements. 

The role of vitamins in enhancing survival is suggested by data collected 
previously in this laboratory. Keeping the newly hatched fish in earthen vessels 
without further treament, 4 to 22 per cent survive. Experimental treatments 
significantly enhancing survival, in which 35 to 73 per cent survive, are briefly 
indicated below : 

1. Vitamin B complex, including nicotinamide, riboflavin, calcium 

pantothenate, and pyridoxinehydrochloride, when Cirrhina inrigala is the predo- 
minant species (Das and Krishnamurthy, 1958a); 

2. Vitamin Bjg, when Labeo rohita is the predominant species (Das and 
Krishnamurthy, 19586); 
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3. Cobalt nitrate mixed with an extract from goat stomachs, as effective 
as Bjl 2 at less than 1 per cent of the cost, for Catla catla, Cirrhina mrigala and 
Labeo rohita (Das 1059). 

To determine whether minor species of carp would also benefit from vitamin 
treatment during this early period, and whether their requirements would bo 
different from those of the major carp, the present experiment was carried out, 
comparing the effectiveness of yeast, vitamin B complex and vitamin B^j. 

Design of the Experiment 

A randomized block design was adopted for five blocks and six treatments, 
making a total of thirty experimental units. Each treatment was repli(‘ated five 
times, once in each of the live blocks. Within ea(‘h block, the six treatments were 
randomly ordered. The six treatments, their symbols and dosages, were as follows : 


nibol TreatmcTit 


Dosage 


A 

B 

C 

D 

E 

F 


Control 
Vitamin B^o 
Vitamin B comple.v 
Yeast 

Yeast and Bjo 
B complex and Bj.^ 


25 /<g. 

1 tablet 
1 tablet 

1 tablet 25 peg. 
1 tablet & 25 pig. 


Counts of the number of fish (lying were taken daily for fourteen days, and 
a count of the number of lish alive after that period was over was also taken. Water 
temperature' and pll wc're ri'corded daily for each experimental unit. Fluorescent 
tube lights were arranged to ensure' equal lighting throughout the laboratory. Fans 
were arra’uged for constant circulation of air and to maintain a constant temperature 
in the laboratory. 


Materials and Methods 

One day old minor carp (fjabeo bala, Cirrhina reha, and Crossocheilus latia) 
were procured from the same source. A sampling procedure was adopted to allocate 
the carp to the experimtmtal units, as their exact enumeration was not feasible 
due to their minute size. One tea-spoon of carp, in pond water, was assigned 
randomly to each experimental unit. There were thirty exiierimental units, each 
consisting of an earthen bowl 10" in diameter, containing 9 litres of water, and covered 
with screening. Throughout the experimental period, the water of each experi- 
mental unit was cliangeci every 24 hours to prevent accumulation of waste products, 
and fresh pond water obtained from the same source. The water was maintained 
at 9 litres for each experimental unit. Water temperature ranged from 26.5‘^C 
to 28.3°C and from 7.0 to 8.5 throughout the experimental period. 

The carp were fed live Daphnia from the same source, given 10 c.c. by volume 
each day to each experimental unit. Daily checks revealed that some Daphnia 
were always found remaining, so this ration was considered sufficient. 

To obtain the experimental counts, the dead carp were completely enumerated 
each day at the same time. The dead carp were withdrawn from the experimental 
unit with a glass pipette, after inducing a centrifugal current in the water, placed 
on blotting paper and counted. A fresh pipette was used for eaeh experimental 
unit each day. The total number of dead carp, plus the number alive at the end 
of the experiment, reconstructed the initial number placed in the experimental 
unit. 
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ihe dfisagf* pf;r 0 litreii of water frjr the different treatments was as follows : 

1. Kac:h ex])erhnental unit heloiiLrin^ to treatments B, E and F received one 
tahifi of (uystalline vitamin (firitish Drue Houses) daily ; 

2. Fiaeli e\[>erinumtal unit l>elon|,d!i>; to treatments C and F received one 
yilamin B comf)lex tahl(‘t (Fe(idin,LM<jn Chemic^il Factory, Bombay) daily of the 
following <'ornp( jsition ; 10 rrvL'. thiamine hydrochloride, 15 m^. ribotlaviii, 2 mg. pyri- 
doxirje hydrochloride, I.) mg. nicotinic acid amide, and 3 mg. calcium pantothenate ; 

.b Each (*x|K‘rinic‘ntal unit belonging to treatments D and E received one yeast 
ta[)lct (Sijiiibb) flaily containing O.t tgm. d(‘hydrated Brewer’s yeast. Each tablet 
supplies tt.oti mg. tliiarniiu* hydrochloride, 0.03 rng. riboflavin, and 0. Id mg. niacin. 

1 cxperinif ntal dosage wa.^^ giveri at the same time daily. 

JvKSt'LTS 

I abh‘ I presents tie* total number alive on each da\ , pooled over the five 
? epiieat ions, and tin* ciimnhilive siiivival ratty for six treatments. For any 
da.v, the cumulative sin vival rale is tin* nurnlHU’ aliva' on tliat da>' for all five replica- 
tions dividf'd bv the ifutial number of tlmse ri‘})li(ati()!\s. Fh(‘ (‘unuilative survival 
rate's arf' pre>,ent<*d graphically iu Figure* 1. 



Text-fig. l. 

Survival Rates of Indian Minor Carp Under Different Etcperimental Treatment.. 
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To determine whether the treatments differed significantly, an analysis of 
variance was carried out on the final proportion surviving for the thirty experi- 
mental units. The proportions are given in Table 2 and the analysis of variance 
in Table 3. The critical difference between two treatment means required to obtain 
‘t’ at the 1 per cent level of confidence was computed (see Table 2)*. In Table 2, 
the mean for each treatment, and difference between treatment and control means, 
have been given for comparison with the critical difference. The survival propor- 
tions are presented graphically in Figure 2. 


A » CONTROL 



treatment 


Tiuo/iez «»» 

Tkxt-fio. 2. 

Final Proportion Surviving of All Experimental Units Under Different Treatments. 


♦ For 2 treatments, the critical difference for the means is 
( < 1 % X 1/^2 ^ 

with being the value of ^ required for significance at the 1% level for the degrees of 
freedom of the error mean square in the analysis of variance summary table, s.e. being the 
square root of the error mean square, and n\ and nn being the number of replications in the 
two treatments. • 

4 
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Table 1 

Cumnl/itive Survival Ratrs for All Experimental Treatments 


Troatment 



A 

B 

c 

D 

E 

F 

(.’ontrol 

B,, 

B Complex 

Yeast 

YeavSt 

B Comple 





hB,, 

f Bj. 

1 


.01 H) 

.0231 

.0331 

. 0303 

.0251 

•> 

.H.3()l 

.8,301 

. 8088 

.0044 

.0148 

. 0080 

3 


.7443 

.8808 

.8708 

.8827 

.8812 

4 

.4777 

. 0.704 

. 8t)0f) 

. 85 1 1 

.8470 

. 8559 

r> 

.3S04 

.,7.708 

. 8402 

.8322 

.8327 

. 8352 

b 

..32.71 

.5172 

. 8350 

.8255 

. 8230 

.8276 

7 

.2S37 

.4023 

.8223 

.8221 

.8104 

.8214 

s 

.2.774 

.4083 

.8lf)8 

.8143 

.8155 

.8161 


. 2.3()4 

.4370 

. 800 1 

. 8003 

.8144 

.8108 


.2203 

.4220 

.7087 

.7008 

.8123 

.8067 

1 ] 

. 1004 

. .3030 

. 7040 

.7048 

. 8005 

.7984 

12 

. 1034 

.3821 

.7884 

. 7004 

. 8030 

.7004 

13 

. 1 H07 

. 3004 

.7851 

.7870 

.8011 

.7851 

!4 

. 1 S 1 1 

. !l,78t) 

.7703 

. 7845 

.70()5 

.7787 


Table 2 


iuififtl Nntuher and Final Proportion Snrvu'inq for All Experimental Units 








Troatment 






.A 



B 

(• 


D 

K 


F 


Koplicaiion 

(5)iit rf*l 



B C'oinj:)lox 

Voaat 

Yeast 

B Complex 








+ B. 

o 

+ B 

1 '2 


INt 

FPi t 

IX 

FP 

IN 

FP 

IN FP 

IN 

FP 

IN 

FP 

1 

730 

.0803 

530 

.3340 

438 

. 7854 

645 .8016 

476 

. 7920 

652 

.8466 

2 

Ii>7 

. 2538 

550 

. 3846 

756 

. 7t)50 

062 .7640 

553 

.7414 

878 

.7745 

3 

370 

. lOOlt 

31)0 

.3523 

444 

.7883 

5.30 .7840 

564 

. 8245 

491 

.7710 

4 

2 IS 

.311 U 

376 

. 35 1 1 

683 

. 774.5 

607 .7776 

866 

.8152 

542 

.7672 

5 

328 

.2470 

372 

. 36)83 

307 

.7758 

753 .8021 

381 

.7070 

830 

.741C 

Moan Proport i(ai . 2 

184 


3581 

. 7 

780 

. 7860 

.7042 

.7803 

Difforonoo from 












Control 




I307*=" 

. 5 

506** 

. ,5676** 

.57 

58** 

..'301 9** 

D i ft'o rence fro 1 1 1 

H.2 




.4100** 

.4270** 

.4361** 

.4222** 








1^0 t3’itical Difforonoo . 

0729 



fix Inital ‘Nunibor 
f-f rp ^ Final Proportion 


Table 3 

Analysis of Vcirianvc Summary Table 


Source of 
Variation 

Sums of 
Squares 

Degrees of 
Freedom 

Mean 

Square 

F 

Between Ti'oatments 

1 . 6023 

5 

.3385 

199.1176** 

Error 

0.0415 

24 

.0017 

Total 

1.7338 

29 




** P<.01 
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To determine whether within treatment proportions differed significantly, 
a homogeneity chi square was computed for each treatment. The values of chi 
square are given in Table 4. I'o test the hypothesis that significant within treatment 
variation could be attributed to differences in initial number, correlations between 
initial number and final proportion surviving were computed for those treatments 
having a significant value of chi square. The correlations are also given in Table 4. 


Table 4 • 

Test of Relationship Between Initial Number and Final Proportion Surviving 



Treatment 

H'»mo''!:eneity 
Chi Square f 

Correlation 

A 

Control 

04. 56** 

— .9442* 

B 

B,, 

4.68 


C 

B Complex 

1.06 


D 

Yeast 

6.56 


E 

Yeast H-Bi 2 

15. DO*'*' 

.2741 

F 

B Complex +B 12 

11.46* 

— .2055 


*P<.05 

t4 degrees of freedom 


Discussion 

Curves for the survival rate of Indian minor carp during the first tw'O weeks 
of life are presented in Figure 1 . For the control condition, the curve initially 
drops rapidly, after which the rate of descent decreases. Under vitamin Bjg treat- 
ment, the curve shows a less steep descent, and does not fall to the level of the control 
curve. The curves obtained for treatments with yeast or B complex show a very 
slight descent, and level off within a few" days. The control curve is similar to 
those obtained for major species of carp under untreated control conditions. 

The effectiveness of vitamins in enhancing survival during the early period of 
life is confirmed by the results of this experiment on Indian minor carp. Examina- 
tion of Figure 2 shows that treatments with yeast and with vitamin B complex 
were definitely superior to the control and also to treatment with vitamin B^g alone. 
Treatment with vitamin B^g alone was superior to the control. The four treatments 
with yeast and B complex did not differ significantly from each other. For treat- 
ments with B complex or yeast, 78 to 80 per cent survived, as compared to 18 
per cent in the control and 36 per cent when only Bj 2 was given. These results 
are confirmed statistically by the analysis of variance given in Table 3 and the 
differences between treatment means given in Table 2. 

In this experiment, using minor carp, B complex without Big was more effective 
in enhancing survival than Bjg alone. This suggests that the vitamin requirements 
of the minor carp differ from those of the major carp indicated by previous experi- 
ments. For both major and minor species, the B vitamins as a group apparently 
have an important role to play during the early period of life. In this experiment, 
treatment with B complex or yeast resulted in 78 to 80 per cent survival, as compared 
to 18 per cent in the untreated control condition. A saving of 60 per cent suggests 
that this vitamin treatment can be recommended as a general treatment for carp 
cultivation on a commercial scale. In this connection, the relative price of yeast 
and B complex should be considered. As yeast is the cheaper of the two, it would 
be more likely to be adopted on a commercial scale. 
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The period duriap; which treatment is most effective is also suggested by these 
data. The cumulative survival rates in Table 1 show that the period of highest 
mortality occurs during the first scv'cn days for the control group. For the most 
efTective treatments, protection is afforded during this period of high mortality, 
resulting in a higher final proportion surviving. 1 his result is in agreement with 
the re.sults of previous experiments, and suggests that treatment during the first 
week would eifeetively reduce mortality of the young carp. 

d’hf^ final proportion surviving is also shown to be influenced by the initial 
number present,, but this effect is noted only in the ease of the control group. This 
influence was <‘xainjned in the following manner : first, the homogeneity of the five 
replications witliiu (‘uch tnatment was tested. The results given in Table 4 show 
tliat for tbrec^ treatments, tlie hypothesis of homogeneity could be rejected. For 
thesf* three treat merits, the eorrelations between initial number and final proportion 
surviving wore eom[)ut(‘d. I'he only significant correlation (P<C.05) was found 
for the (Mintr*)! group : for the other two treatments, the correlations were insignifi- 
(‘ant. 'riius, in the control group, as initial number increased, survival rate 
(lecrt^ased. d'bis (‘ffeet may ijc attributed (o over'crowding when initial number is 
liiLdj. For tlie contr-ol group, t) p(‘r cent survived at tlie highest density (initial 
number TliD) wliile [K'r cent sm vived at the lowest density (initial number 197). 
1’licse r cMults are al.so in agreement with those of earlier experiments, i.e. initial 
luimlier is inversely relabel to survival for the untreated control, but not for 
sigriifi(‘ant tr'(*atnients. It seems that vitamin treatment may counteract the 
influence of initial number on the final proportion surviving. 

Summary 

1. The survival rate of Indian minor carp {Labeo bata^ Cirrhina reba, and 
Cros.socheilti^^ lafia) was studied during the first two weeks following hatching under 
a iio-treaf ment control condition and the following treatment conditions : vitamin 
^12 ^ itariiin B complex, yeast, yeast with B| 2 , Rnd B complex with Bjg* 

2. Survival was significantly enhanced by the experimental treatments. In 
lh(' untreated control condition, 18 per cent survived ; for Bjg alone, 36 per cent 
survived ; ami in treatments with yeast or B complex, 78 to 80 per cent survived. 

3. Mortality was found to be highest during the first week in the untreated 
control condition. During this period, experimental treatments effectively reduced 
mortality. 

4. Final proportion surviving was shown to be significantly and inversely 
related to the initial number for the untreated control, but not for the treated groups. 

5. These data suggest that treatment with yeast or vitamin B complex may 
bo of commercial value. 
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EFFECT OF POTASSIUM CHLORIDE ON NITRATE FORMATION IN HUMUS 
RICH SOIL BY THE APPLICATION OF NITROGENOUS COMPOUNDS* 


by S. K. Ghosh, State Agricultural Research Institute, Calcutta 
(Communicated by S. Ghosh, F.N.I.) 

(Received May 28 ; read October 2, 1959) 

Abstract 

1. There is much loss of nitrogen when ammonium sulphate or urea undergo nitri- 
fication on the soil surface due to the formation and decomposition of tlio unstfiblo juoduct 
ammonium nitrite and hence nitrate formation is very less. Nitrate formation is, however, 
prominent at lower concentrariv ns of nitrogen. 

2. Potassium chloride added to the soil along with ammonium sulphate or urea in- 
creases nil rare concentratic n duo to the formation of }>otassium nitrite which being mere stable 
than ammonium nitrite remains in the system and can slowly oxidise into potassium nitrate. 
Again the presence of j)otas8ium chloride in the solution phase increases the ioni( strengtti of 
the medium and checks the decomposition of ammonium nitrite duo to secondary salt effect. 

It has been observed by Dhar (1951) and Ghosh (1953) that when ammonium 
salts, urea, uric acid, oil cakes, proteins etc. are allowed to undergo slow oxidation 
in air in presence of soil surface or in presence of surfaces like Si 02 , Fe 20 . 2 , Mn 02 etc. 
the following changes take place. 


Protein, 


amino acid 



ammonia 


+ O2 


nitrite 



nitrate. 


These changes are oxidation processes which are accelerated by increased 
aeration, absorption of solar light and by an increase of temperature. Thus under 
these conditions at ordinary temperature the whole of ammonia cannot be readily 
converted into its oxidised products and hence ammonium ion and occasionally 
free ammonia have to co-exist with nitrite ion or nitrous acid,, nitrate ion or nitric 
acid and hence marked decomposition takes place with liberation of nitrogen gas. 
An unstable intermediate compound ammonium nitrite is formed during this 
process which can undergo both oxidation and decomposition as follows : 


2NH4NO2+O2 = 2NH4NO3 


(i) 


NH 4 NO 2 = N 2 + 2 H 2 O+ 7 I 8 cals . . (ii) 

The second chemical change is more prominent than the first as it is highly 
exothermic and hence there is a considerable loss of nitrogen from soil than the 
formation of nitrate when it is manured with all types of nitrogenous compounds. 
The temperature coefficient of the decomposition of ammonium nitrite has been 
shown by Arndt (1901) to be of the order of 3 for a 10°C rise of temperature 
so that the reaction seems to be prominent in tropical country soils. Again the 
decomposition of ammonium nitrite is an autocatalytic process and is markedly 
accelerated by acids. Hence, the loss of nitrogen also becomes prominent in cold 
countries, where the soils have a tendency to be acidic and specially in soils not 
containing much calcium carbonate or calcium phosphate. The researches of 


♦Read at the 46th Session of the Indian Science Congress held at New Delhi, India, 
in Jan., 1969. 
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Lipman and Blair (1921), Russell and Richards (1917), Shutt (1910) and others 
have shown that nitrofiren in gaseous state is lost from soils when the conditions 
are favourable for oxidation. 

Field trials have shown that the recovery of nitrogen by crops never exceeds 
50 |)er cent a.s has ]>een stated by Russell (quoted by I>har 1051) by adding ammo- 
nium sulphate at the rate of 1 cwt. [>er acre. Ke(‘overy of phosphates and potash 
may hov\ev(*r go ii[) tf) 8b per cent, Lohnis and Fred (1023) have reported the 
following recov(‘ry in field experiments lasting for 4 years. 

Nitrogen 1^05 KoO 

7.8 to 4(). 1 10. 1 to 75.6% 22.4 to 85. 1 % 

It is clear, therefore, that nitrogen lo.ss is more prominent than the formation 
ot nitrates vvIkui arrimoniuin salts find other nitrog(‘nous compounds undergo nitri- 
fication on t he soil surface. Dhar and Chose (1955) hav^e, ho\v(‘ver, observed that 
f)otassium and calcium chlc>ri(lc maikcdly check the loss of nitrogen and increase 
nitrates lormfition during the nitrification of ammonium salts and urea on pure 
clicmical s\ufaces as those' of zinc oxide, iron oxide, etc. 

In view ol the aliovc* fac'ts. effect of different doses of potassium chloride on 
nitrate' formation in humus rich soil has been studied here using ammonium sulphate 
and urea as nitrogc'ii rich compounds. 

Experimental 

166 grams of well dried and powdered humus rich soil (screened through a 
loo mesh sieve) werc^ accurately weighed and taken in shallow enamelled dishes. 
Amounts of urea or ammonium sulpliatc' (A, R. quality), each containing exactly 
1.66 gm. of nitrogc'u, were mixed with the soil with and without different doses of 
pc^tassiurn as potassium chloride*. The c'oneentnitions of potassium added W’ere 
2 gm., o gm.. and 16 gm., per 166 grams of soil respeetivedy. The cfontcnts of the 
dislu's were tlioroughly mixed and a few' sample's were taken out for the determi- 
nation of their initial ainmoniac'al, nitrate and total nitrogen contents. Two sets 
of (*ac‘h mixture were made, one was kept exposed to light of an electric bulb of 
t)6 watts working on 226 volts at a distance of 3 feet from the bulb whilst the other 
was kept c'overed with thick hlac'k cloth by the side of the exposed one. The 
ini.xturc's were stirred (*arofully by means of a glass rod on alternate days and their 
moisture content was maintained at 25 per cent level by adding distilled water. 

ht* light exposure was continiiod day and night and samples were taken out at 
rigulai interials for analysis of their ammoniacal, nitrate and total nitrogen 
contents Total nitrogen was estimated by salicylic acid reduction method 
J I eadw all and Hall, (1947) Ammoniacal nitrogen was determined by distilling a 
known qauijtity of soil with magnesia and nitrate nitrogen by reduction with 
Devarda s alloy. The following experimental results were obtained. 


Table 1 

Percentage compoition of the oven dried soil sample. 


P.Os Total-C Total-N KH3-N NO,-N 

0.80 4.37 4.07 l.r>2 l.OO 0.72 

pH of the soil = 8.00 


7r..oo 


1.86 0.2678') 0.00608 0.02036 
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Tabus 2 

Average Temperature = 26'^C 
Light 


Fimil aniounta obtained in grams per 
Original amounts 100 grama cf the mixture 

Treatment present in grams 




per 100 grams of 
the mixture 

After 15 
days 

Aftoi3() 

clays 

After 60 
days 

1 . 

lOOgm. 8 (>il -|- 

NHg-N 

0 . 00080 

0.28570 

0.17780 

0.09850 


l.Ogrn. N as 

NO^ -^N - 

0.01940 

0.04550 

0.05880 

0.08890 


(NH4)3S04 

Available — 

N -- 0.98020 

0.33120 

0.23660 

0. 18740 



Total— N - 

= 1.21077 

0.53800 

0.43850 

0.40200 

2 . 

lOOgm. Soil-f- 

NH;,— N 

0.92700 

0.36360 




l.Ogin. Nas 

NL 3 --N - 

0.01870 

0.04940 




(NH4)2S04 4-2gm. 

Available — 

N 0.94570 

0.41300 




K as KCl 

Total— N = 

= 1 . 10820 

0.65410 



3. 

lOOgm. SoiH 

NH 3 — N = 

0 . 88000 

0.51080 

0.38100 

0.22230 


I.Ogm. Nas 

1^03 ~N ... 

0.01780 

0.05410 

0.07140 

0 . 10250 


(^ 1 ^ 4 ) 2^04 4 - agm. 

Available — 

N 0.89840 

0.56490 

0.45240 

0 . 32480 


K as KCl 

Total— N - 

= 1 . 10900 

0.77450 

0.60670 

0 . 55840 

4, 

lOOgm. SoiH- 

NH 3 — N = 

0.81270 

0.57140 

0 . 44450 

0.33340 


l.Ogm. N as 

NO 3 — N 

0 . 0 1 040 

0.06450 

0.08333 

0.12120 


(NH 4 ).jS ()4 j- lOgrn. 

Available- 

N = 0.82910 

0 . 63590 

0.52783 

0.45460 


K as KCl 

Total— N - 

^ 1.02410 

0.91380 

0.72970 

0.68910 


Table 3 

Average Temperature = 25®C 
Dark 


Final amounts obtained in grams per 
Original amounts 100 grams of the mixture 

Treatment present in grams 

per 100 grams of After 15 After 30 After 60 

the mixture days days days 


1. 

lOOgm. Soil-f- 

NH.1— N = 0.96080 

0.30770 

0.20510 

0.13333 


l.Ogm. N as 

NO;,— H = 0.01940 

0.04880 

0.06250 

0.09520 


{NH4),S04 

Available — N = 0.98020 

0.35650 

0.26760 

0.22860 



Total— N = 1.21077 

0.59990 

0.49670 

0.44630 

2. 

lOOgm. Soil-h 

NHs— N = 0.92700 

0.38690 




l.Ogm N as 

NOa— N = 0.01870 

0.05260 




(NH 4 )S 04 + 2gm. 

Available — N = 0.94670 

0.43950 




K as KCl 

Total— N = 1 . 16820 

0.72190 



3. 

lOOgm. Soil + 

NHa— N = 0.88060 

0.54050 

0.41600 

0.26670 


l.Ogm. N as 

NOa— N == 0.01780 

0.05880 

0.07690 

0.11112 


(NH4)2S044-6gm. 

Available — N = 0 . 89840 

0.59930 

0.49290 

0.37782 


K as KCl 

Total— N = 1 . 10960 

0.83860 

0.67180 

0.60111 

4. 

lOOgm. Soil + 

NHa— N = 0.81270 

0.60610 

0.47620 

0.37112 


I.Ogm. N as 

NOa— N = 0.01640 

0.07140 

0.09000 

0.13333 


(NH 4 ) 2 S 04 -h lOgm. Available — N = 0.82910 

0.67760 

0.56710 

0.50446 


K as KCl 

Total— N = 1.02410 

0.97690 

0.78490 

0.73800 
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Tn^atniniit 


1 . lOOgni. Soil S 
l.Ogm. N an Ur^'a 


2. 100^^. Soil r- 

N an Fraa 
V 2 ^ 111 . K as KCl 


r\. lOOi^ni. Soil i 
N as 

t o>'in. K as K( M 


4. !00j:»m. Soil f 
1 f^s I) roa 

r lO^m. K as KC/1 


Trentiiicrit 


1. loo jrnj. Soil j- 
1.0 gni. N as l^roa 


2. lOOgm. Soil f- 
l.O^n^ N 08 (Troa 
-(~2gni. K us KC"I. 


3. lOOgni. Soil 4- 
l.Ogru. N na Urea 
4‘r>gm. K as KCl. 


4. lOOgm. Soil-f 
l.Ogni. N as Urea 
+ lOgm. K as KCl. 


Tabue 4 

Average Temperature — 25^C 
Light 


Original ainoimta 
[jn'Sfuit in grams 
|H?r 100 grams of 
tlio mixturo 


NH r N 

: 0 . 00595 

0.06667 

0.10010 

0.02222 

NO 3 - N - 

- 0.019S7 

0.02500 

0.02670 

0.04000 

A vailable- 

N 0.025H2 

0.09167 

0.12680 

0.06222 

Total— N 

1.24120 

0.48090 

0.34000 

0.29750 

NIT^—N - 

.. 0.00574 

0.05333 



NO.,— X 

0 01916 

0.02860 



A^ ailable— 

-X 0.02490 

0.08193 



Total — N : 

==: 1.19655 

0.56390 



-X - 

0.00544 

0.04000 

0.08020 

0.02.500 

NO r N 

0.01 SI 8 

0.03200 

0.03333 

0.05160 

Avainalbe- 

-N 0.02362 

0.07200 

0.11353 

0 . 07660 

Total— X 

- 1. 13520 

0.67840 

0.44630 

0.35390 

NTT,- N - 

0.00501 

0.03100 

0.07270 

0.02860 

NO;, X - 

0.01674 

0.04710 

0.06650 

0.07270 

Availfd)l(v 

N - 0 02175 

0.07810 

0 . 1 3920 

0.10130 

Total - X * 

1.04580 

0.79590 

0.57960 

0.43700 


Final amoimts obtained in grams per 
per 100 grams of the mixture 


After 15 
days 


After 30 
days 


After 60 
days 


TABt.E 5 

Average Temperature = 25'’C 
Dark 


Original amounts 
jiresc.nt in grams 
per 100 grams of 
the mixturo 


Final amounts obtained in grams per 
100 grams of the mixture 


After 15 After 30 After 60 
days days days 


XHj-X 

0 09595 

0.08340 

0 . 1 2000 

0.03636 

XO.j—X 

0.U19S7 

0. 02670 

0 . 028.50 

0.04450 

Available 

— X ^ 0.02582 

0.11010 

0.14850 

0.08086 

TotuI—lSr 

1.24120 

0.54690 

0 . 39260 

0.32720 

NH 3 — N 

== 0 00574 

0 07272 



XO 3 — N = 

- 0.01916 

0.03100 



Available 

— N =- 0 . 02490 

0 . 10372 



Total- N 

= 1 . 196.5.5 

0.63570 



XH 3 --N 

= 0.00544 

0.05774 

0.10020 

0.04000 

NO,— N : 

= 0.01818 

0.03480 

0.03630 

0.05710 

Available- 

— X = 0.02362 

0.09194 

0.13650 

0.09710 

Total— N 

1.13520 

0.74520 

0.49220 

0.39160 

XHn— N ^ 

= 0.00501 

0.04450 

0.09230 

0.04450 

NO 3 — N : 

= 0.01674 

0.05000 

0.06900 

0.08010 

Available- 

— N = 0.0217.5 

0.09460 

0.16130 

0.12460 

Total— N 

= 1.04580 

0.86290 

0.63690 

0.47650 
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A perusal of the foregoing results shows that there is a considerable loss of 
nitrogen along with the formation of nitrate in the system when ammonium sulphate 
and urea are allowed to undergo oxidation on the soil surface. In the case of 
ammonium sulphate most of the nitrogen present is in ammoniacal form from the 
beginning. This ammoniacal form of nitrogen slowly undergoes oxidation on the 
soil surface and ivS converted into nitrate both in light and in the dark. This is 
evident from Tables 2 and 3 as the ammoniacal nitrogen slowly decreases from the 
system with an increase of nitrate nitrogen with lapse of time. During this process 
a considerable portion of nitrogen undergoes loss. For urea, however, there is very 
little nitrogen in the available form (sum of ammoniacal and nitrate nitrogen) in the 
beginning, but both ammoniacal and nitrate nitrogen appear after this nitrogermus 
compound remains in contact with the soil surface for sometime. Urea is first 
converted into ammonium carbonate on the soil surface showing an increase in the 
ammoniacal nitrogen content of the system in the first part of the experiment and 
finally this ammoniacal nitrogen is oxidised into nitrate nitrogen showing a decrease 
in the ammoniacal nitrogen content with an increase in the nitrate nitrogen 
in the second part of the experiment. This is evident from Tables 4 and 5. Ihe 
eflSciency of nitrate formation now requires a careful study. In the case of ammo- 
nium sulphate some of the ammoniacal nitrogen which has decreased frorn the 
system in a given time is converted into nitrate nitrogen and the efficiency of nitrate 
formation has been calculated from the amount of nitrate nitrogen formed per 
100 grams of ammoniacal nitrogen which has decreased from the system. In the 
case of urea, however, ammoniacal nitrogen accumuhates in the system aftei some 
time and then it is oxidised into nitrate nit rogen. Hence, in this case, the efficiency 
of nitrate fi)rmation has been calculated from the amount of nitrate nitrogen present 
per 100 grams of the available nitrogen present in the system in a given time. In 
Tables 6 and 7 results recording the efficiency of nitrate formation both from ammo- 
nium sulphate and urea in light and in the dark are given. 

Table 6 


Average Temperature — 25^0 



Kfriciencj 

of it rate 

formation 

from Ammonium 

sulphate 



Conoonti’tO ion 
of K adclod as 
KCl 








ll 

< 

15 day.s 

After 30 days 

After 60 days 


Exposed 
to light 

kept in 
dark 

Exposed 
to light 

k(’pt in 
dark 

Exposed 
to liglit 

kept in 
dark 

1. 

nil 

3.800 

4.502 

ri.032 

r> . 703 

8.059 

9. IGO 

2, 

2 gni. 

5 . 449 

6.276 

-• 


— 

— 

3. 

5 gni. 

9.810 

12.055 

10.728 

12.720 

12.866 

15.201 

4. 

10 gm. 

19.933 

26.612 

18.177 

22.139 

21.865 

26.479 


A perusal of the foregoing tables shows that 

(i) Efficiency of nitrate formation in the case of ammonium sulphate is more 
marked in the dark than in light. This is due to the fact that loss of nitrogen 
is more prominent in light than in the dark according to the mechanism of the loss 
of nitrogen stated before. As the ammoniacal nitrogen is slowly oxidised into 
nitrate nitrogen the efficiency of nitrate formation goes on increasing with lapse 
of time. It seems, therefore, that at lower concentrations of ammoniacal nitrogen 


5 



H12 H. K. OHOSH : BFrECT OF POTASSIUM OHLOBIDB ON NITEATE FOEMATION 


Table 7 

Average Temperature — 25®C 

of nitrat»i formation from uroa 


('oncrjit rat ion — - — — — 

of K as Aftor 15 flays After 30 days Aftt^r 60 days 




to light 

knpt in 
thirk 

Exf)o.snd 
to light 

kept in 
dark 

Exposed 
to light 

ko})t in 
dark 

l. 

ml 

27.272 

24.251 

21.(J57 

10.101 

64.288 

55.033 

• 1 

1 Kin. 

34 . 608 

29.888 



..... 

— 

3. 

5 gni. 

44.444 

37.851 

20.358 

20.59.3 

67.363 

58.805 

1. 

16 gm. 

60.307 

52.021 

47.773 

42.777 

71.767 

64.286 


its conversion into nitr<\it(‘ nitroi'tni is more prominent than the loss of nitrogen. 
1’he loss of ruirogeri is moi'e protniiuoif in the first stage of the reaction than in the 
stu’oiul stage of t he rt aetion i.<^ at higher (‘(metnitrations of nitrogen than at lower 
eoneertt rations of nitrogiMi. In the east* of urea, however, the efficiency of nitrate 
lonioJit ion is moi*' marked in light than in the dark. Tliis is due to tlie fact that 
aceufnnlat ion of arum )nia( al nitrogen and its final conversion into nitrate nitrogen 
is mori^ fujrrked in I II • light t hati in th<^ dark. Tlie effifdency of nitrate formation 
d(‘erc‘ases in tiu* first, stage of the r(‘a<d.i(>n hut it increases in the second stage of 
tiu^ [-(‘action. This is l)(‘ca.use accumulation of arnmoniacal nitrogen takes place in 
the fr*st stag(^ of the r(‘action and it is oxidised into nitrate nitrogen in the second 
stage of I lie r(‘act ion. 

(ii) Prest‘nc(^ of potassium (ddoride in the system has increased nitrate forma- 
tion I)oth in thi^ cas(‘ of ammonium sulpliate and urea in light as well as in the dark. 
In (‘Vtu’v case the gri-atcn- tiu' concentration of potassium chloride added, the greater 
is nit rail' formation. 'This is due to tlu- fact that potassium chloride reacts with 
the unstahl(‘ substance ammonium nitrite formed in the system in the nitrification 
of ainmoiuurn sulphate and urea and form potassium nitrate, which being more 
stable them ammonium nitrile, remains in tlie system and can slowly oxidise into 
potassium nitrate. Again the presence of p(^tassium chloride in the solution phase 
increase's the ioni<‘ strmigth ol tlu' medium which is liable to check the decc^mposition 
of ammonium nit rite due to secondary salt effect according to the following equation 
(Bronsted 11)28): 


log X- log p, 

wlu're n is the ionic strength of the added neutral salt, K is the velocity constant 
in presence of a neutral salt, and Ko is the velocity constant without the neutral 
salt. Dhar and ( diose ( l9oo) have shown that calcium chloride in solution which 
provides greater ionic strength checks the loss of nitrogen and increases nitrate 
formation more effectively than potassium chloride solution of the same concen- 
tration using pure chemical oxides as surfaces. Gopala Rao (1939) has also noted 
that photoseusitised oxidation of ammonia, using titanium oxide as surface, is 
retarded by traces of salts of colourless cations like Na'^, K'*', Ba++, Sr"^"^, AP ++ etc. 
and that the greater the \aleney of cations, the more effectively they act as 
retarders. These points are further illustrated graphically in F:gures 1 and 2. 

It is clear, therefore, that the presence of potassium salts in the system should 
be able to minimise the amount of nitrogenous compounds added to the soil by 
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checking nitrogen loss and increasing nitrate formation and this is profitable from 
agricultural point of view. In temperate countries due to the presence of large 



imount oi numus tl 
)f ammonium ions 
nay not be availal 
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dminoriium ions will be displaced by potassium ions from humus and the clay layer 
and thus will pass into solution pliase to be readily nitrifed for the use of crops. 
In such castes th<* addition of potossium salts may intensify the nitrogen effect and 
show positive interaction between potash and nitrogen as has been occasionally 
reported for potatoi^s at Kf)thamst(Ki (Russel, 1950). For growing potatoes, beats 
and perhafw other tubers potash is of great value since these materials require large 
amount of potash for their growth. It seems, therefore, that in growdiig tubers 
potaslj may not onl}^ act as an iatensificr of nitrogen effect but is also useful as a 
direct plant food. 
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POPULATION STUDIES ON HADROPHANURUS* SPECIES (SCELIONIDAE : 
HYMENOPTERA), EGG PARASITE OF BAGRADA CRUCIFERARUM KIRK 
ON MAIZE** (ZEA MAYS) AT KARNAL 
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Abstract 

The control of insect pests by moons of their parasites, predators and other natural 
enemies is one of the moat economical and efft^ctivo methods of control in applied entomology. 
The population studies of Hadrophanurus species^ an egg parasite of Bagrada cniciferarum Kirk 
have, tlierefore, been studied. The rise and fall in the parasite population is directly ])ropor- 
tional to the rise and fall in the population of the host. The maximum pojiulalion of the 
parasite, i.e. .‘1881 adults per aero coincides with tlio maximum population of the host, i.o. 
4939 eggs per aero. Similar interrelationship is also found when the jiojiulalion j)er acre of the 
host as well as that of the parasite are at their lowest level. There is no superparasitism in the 
species and its viability is as high as 100 jier cent under field conditions. The percentuge of 
parasitism was 85.1 per cent during the season. This high percentage of parasitism oxter' 
minates the host and proves fatal to the parasite as w'oll. 

Introduction 

The control of pests by means of their parasites, predators and other natural 
enemies is one of the most economical and effective methods of control in applied 
entomology. In order, however, to utilise the method effectively the host parasite 
interaction, especially with reference to the population of insect pests and their 
natural enemies that constantly fluctuates, has to be studied in detail both in 
the laboratory by experimental studies and in the field by patient collection of 
data and correlating them with the findings obtained in the laboratory. Experi- 
ments in biological control have, sometimes, failed when these studies have been 
neglected. Bagrada erveiferarum Kirk is a serious pest of cruciferous crops 
sporadically appearing to an epidemic form. Although mazie is a minor host of 
the pest, the parasite, Hadrophaymrus species has been recorded only from the pest 
infesting this host plant. The conclusions derived from the population studies 
of the parasite with its effects on the bug population in maize can be utilised to 
achieve a measure of success in the control of the bug on cruciferous crops. 

Some parasitised eggs of B, cruciferarum were observed on the leaves of maize 
during the kharif season of 1957 while the egg population of Chilo zondlus Swinhoe 
was being recorded to evaluate the effect of liberations of Trichogramma evanescens 
mmutnm Riley for the control of the borer. From these parasitised eggs of the 
bug, adults of Hadrophanurus species emerged out instead of Trichogramma (this is 
the first record of the genus from India). In 1958 while repeating the experiment 
on the borer control, special attention was, therefore, paid to count and collect the 
eggs of B, cruciferarum Kirk to confirm the occurrence of this parasite in nature 
and to evaluate its economic importance. 

Material and Methods 

The technique followed in the population studies of Trichogramma was utilised 
in the case of Hadrophxnums also. There were two blocks each consisting of six 


♦Identified by the second author. 

♦♦Maize is a minor host of the pest as rearing of the bugs on it shows a very high morta- 
lity and only some nymphs reach the adult stage. 

VOL. 26, B, No. 6. 
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plots (half aa acre each). The experiment covered an area of six acres. The 
distance between the two blocks was about half a mile. Each plot was separated 
from the otluT by a distance of lO.l ft. In each plot there were 42 rows and each 
row was liavin*' about 140 plants. Thu.s there were about 5880 (140x42) plants 
per ])lot. In (‘ach obs(Tvation live rows out of 42 rows were selected at random 
for taking obsf'rvations. From eacl) of these five rows 12 plants were cut from the 
soil surtace. These 12 plants constituted every tenth plant of the row'. In this 
way there were 00 plants p(T plot totalling 720 plants in all to be examined at 
every observation. There were eiglit such observations. Each of these 720 plants 
W71S examined thoroughly for the egg masses of Baarada. Th(i number of eggs 
on these jjlants was recorded (there were no eggs in the soil or debris in the field), 

ExCKIirMENTAL FlNDINtiS AND GeNEKAL OBSERVATIONS 

H, rrnrip rarnw Kirk lays its eggs on maize leaves mostly in batches of single 
layers. All the (‘ggs an^ stuck together with their micropyle facing upwards. 
Jiurge egg masses, someliuH's, have (timugh rarely) two laycu’s one upon another. 
The bottom layer generally consists of mon* than two third of the eggs while the 
top layer has l(^ss than one third of the ('ggs of the mass. Few^ scattered eggs are 
also encounOTcd. All th(' scattenal eggs and the egg masses consisting of eggs 
ill single layer are parasitised compiratively more efhciently but the egg masses 
consisting of tw'o laycus decrease the cooflicient of ellicaey of the parasite as the 
eggs of the bottom layer are mostly inacces.sible t(_) the parasite. The number of 
eggs found during the course of the observations has been given in Table I. 

Table I 

Showing the number of Bagradn eggs parasitised by Hadroj)hanuru8 sp. 


Nuni!)or of eggs colloclod from 


Trout merit -plots 





Cont rol -plots 




♦♦Repli- 

eutiuiiH 

1 

2 3 4 


A 

♦♦Repli- 

cations 

1 

o 


4 


6 

Total 

Dutob of 
obsorv'utione 



Dates of 
observa- 
tions 



o 

2- 11-58 

-■ 

- 

- 

- 

3- 9-58 


- 

- 

- 

— - 

- 


9- 9-58 

10 

_ 54* - 

“ 

- 

10- 9-58 

- 

25* 

- 

- 

— 

89 

178 

16- 0-58 


17* _ 


44 

17- 9-68 

- 

- 

- 

36* 

— 

4 

109 

23- <V58 

30~ 9^58 


13 46* 28 

— 5 — 

80* 

— 

24- 9-68 

1-10-58 

65 

39 

9 

18 

- 

96 

(86*4-10) 

- 

305 

94 

7-10-68 

- 

- - - 

- 

- 

8-10-68 

- 

- 

- 

- 

— 

- 

— 

14-10.58 

- 

- ~ - 

- 

- 

15-10-68 

- 

- 


- 

— 


— 

23-10-58 

- 

- - 


- 

24-10-58 

- 

- 

- 

- 

— 

- 

— 

Total 

18 

30 105 28 

80 

44 


65 

73 

18 

36 

96 

93 

686 


••^080 replications were meant mainly for evaluating the role of Trichogramma against 


‘Those eggs of Bagrada cntciferarum Kirk were parasitised by Hadrophanurua species. 
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The endoparasite, Hadrophwmrv^ species distributes its progency singly in each 
of the host eggs. All parasitised eggs turn black (Text-fig. 1, Fig. 4) and a single 
active adult parasite emerges out from each host egg. The examination ot 456 
parasitised eggs (Table II) revealed no case of superparasitism. The percentage 
of parasitism reached as high as 85.1 per cent during the season. From the data 
it is obvious that the viability of eggs is 100 per cent under field conditions. In 
other words there has been no case in which parasitised eggs have not given rise 
to an adult wasp. 



Text-Fig 1. 

1. An egg of Bagrada cruciferamm Kirk . . (raagniflod) 

2. An egg mass of J5. cruciferarum Kirk . . 

3. Egg shells after the omorgonco of the nymphs . . 

4. Parasitised egg mass of B. criiciferarum Kirk . . 

5. Egg shells after the emergonco of the parasites . . 

6. Parasitised egg mass having double layers . . 

7. Empty egg shell showing the emergence of the nymph ,, 

8. Empty egg shell showing the emergonco of tlie parasite „ 


Table II 

Showing the percentage of parasitism by and the viability of Hadrophanurus sp. as found during 

weekly observations 


Dates of 
observations 

Total no. 
of Bagrada 

collected* 

Number of 
Bagrada 

eggs 

parasitised 

Percentage 

of 

parasitism 

Numbr of 
parasites 
emerged* 

2/ 3- 

9-1958 



— 



■■ ■- 

9/10- 

9-1958 

178 

79 

44.4 

79 

16/17- 

9-1958 

109 

61 

56.0 

61 

23/24- 

9-1958 

305 

236 

77.4 

236 

30/ 1-9/10-1958 

94 

80 

85.1 

80 

7/ 8- 

10-1958 

— 

— 

— 

— 

14/15- 

10-1958 

— 

— 

— 

— 

23/24- 

10-1958 

— 

— 

— 

— 


Total 


686 


456 


456 
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The figures in the columns marked with an asterix are the basis for the estima- 
tion of tlie pupiilati )U per acre (Table III) of adults of Hadrophanurns species and 
oggs of lidijradd rrnciffniriuri Kirk resjieetiveK". 

Tamle 111 

Shotvimj tht' jjupuhition per acra of tididt^ of Iladrophanuius species and egga of Bagrada 

(•rurif<?rarum Kirk 


llul (Ki <>1 

Nf). of 

Nu. of 

No. of 

No. of 

No. of 

.Appr. 

Total 

Total 

ol>M<’r\'a t ionn 

plnot H 

lidfj radii paras itc.s 

Bagrada pa ra sites 

no. of 

no. of 

no. of 


t'XllIU- 


einnrgi'd 


per plant 

plant H 

])ara8ite8 

Bagrada 


iriod 

<‘olloct <‘d 


y)lant 


f)er am? 

/arrr? 

«ggs/ 









acre 

2 ; .'( • !» .'iS 

720 





11700 





U/IC U .').s 

720 

I7K 

70 

0.25 

0 . 1 1 

1 1700 

1204 

2940 

10/17 U ns 

720 

100 

01 

0. 15 

0.08 

11700 

041 

1764 

2:V24 uns 

720 

30n 

230 

0.42 

0 33 

1 1700 

3881 

4930 

30/ 1 C; lu ns 

720 

04 

HO 

0. 13 

0. 11 

11700 

1204 

1520 

7 / s ’ m ns 

720 




... 

11700 



— 

1 1 in 10 ns 

72!‘ 



— 


1 1700 

— 



ij.'i/ji h) ns 

720 



— 


11700 


— 

3V)t n 1 

OSO 






7410 

11172 


'I’Ik pM r\‘isii(‘S enu rge generally in the early hours of the day and the 

e'»pule,ti“n tiikes })l<!( e irnnu'diat ely aftc'r emergeiue. On (^loudy and rainy days 
the pari!. if( > ; re |(‘ss a< live. Furtluu* defails of life history and technique of mass 
limit ii)lii a.l ion iice(‘ssary for the biological control projects are being studied and 
will he [luhlished in due course. 


lAYOi/T /fJP n/OLOGlCAL CONTROL EXPERIMENT M JOAIZE 





Text-fio. 2. 
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Discussion 

Hutson (1935) reported that the eggs of Bagrada are laid on leaves, leaf-stalks 
and stems of cruciferous crops and Prut hi (1940) recorded “Contrary to the previous 
view, eggs were found to be laid in the soil and not on plants”. The authors* 
observation is in support of the former worker at least in the case of maize as host 
plant. These altogether contradictory observations may be due to seasonal varia- 
tions. During rainy season (the period of maize crop) when the soil is too wet and 
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Text-fig. 3. 

Showing intera/Otion of Bagrada Cruciferarum Hadrophanurvs Kirk (.. — . .) 
and its parasite, Hadrophanuru^ sp. ( ). 
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the (lelniB Ib almost in a rotting condition, the bug might have preferred plant sur- 
faces for oviposit ion. In summer and severe cold weather when the atmosphere 
is too hot or of>ld and dry as tin* case may be, the bug might have chosen the 
debris and soil for the deposition of eggs. In both the cases the bug seeks both 
safety and better conditions for the development of its progeny. On leaf surfaces 
the eggs ot the 1)11^.' have been para'^it is(‘d only by Ifadrophatuuni-^ species and not 
by tlM‘ two sp(*cies of sc(‘lionids, viz. Liophaihn rus samufJi Mani and Tiphodytes 
Hp(‘ei(\s parasitising tlie (‘ggs in t lie soil as ?*eported l)y Samuel (1941). But whether 
and to v»-hat <^\t(‘nl tin* parasite is able to pai*asitise the eggs found in the soil (as 
in summer and a inter season cr-ops) is beyond lh(' sco])(‘ of tlie present investigations. 

A< (or(ling to Isaac (l!Ut>) tin* population of ins(‘(4s p(‘r acre is more reliable 
than tb(* po[»ulation of insects per plant because in the latter both the number of 
plants as ^^cjl as t h(‘ iiuinixn' ot' insects per plant are varial)le, but in the former 
the acre is a ti\(*d scale ji.nd only th(‘ population is variable. It is, therefore, that the 
weekly population j)er acre of ailulls ol J/ddro/difunirus species and of the eggs of 
Bayradd hav(‘ been cah ulatt d and giv('n in Table 111. 44ie rate of increase ol the 
population of (he par-a.dl(‘ is diitxlly j)r-oi>ortionate to the rate of increase of the 
()opulation of the host. In otinn* words when the host population was maximum, 
thar is, is;i9 eggs per a< re in the last week of St'pttnnber, the population, of 
Hd-drophiiH u rns w.i.s also rnaxiurmi, lha.l is, ,‘h‘4S| [)a.rasites ])er acre in tli(5 same 
week. Simihirl\' in other \\c(‘ks tlu' ris(‘ and fall in th(‘ population per acre 
ol }KM'asit<‘s wcri^ dii(‘c(ly proportional to th(‘ rise and fall in the population 
pt‘r tiere of the [)est (1'cx( dig. 3)* d ins intimate interaction and tluctuation 
bc(w(‘(‘n the host and parasite even at low j)o])ulation levels proves that the 
parasite is gifted with a slroirg seaiching capacity and greater tolerance to 
advers(* conditions, ddiis r(‘la.t ionshij) may be more intemsilied in the cruciferous 
cr(>ps du(‘ to having |{‘ss(‘r foliage' than maize crop, rjust because of this, it is 
possibk' that the parasite may prove to be a factor in the control of the pest 
attacking tln'in. 

From (he data ('fable III) it is obvious (hat the population of parasites increases 
to sm-h an exltmt tha.t it (‘xl(‘rminat('s tiu' host and nit imately proves fatal to the 
parasit(‘ i(s(‘lf. 'rids is why in the last three observations there has been neitlier 
host nor j)ara,si(c a^ailabk* in the* li(‘ld ('fable 1). ddiere is another probability that 
host, and panisitc ndght iiavt' migrati'fl to sf)m(' other crop more preferable to them 
and which ndght havi' bet'ii tlie eaus(‘ of their absence iVom the rnaizi' crop. Tins 
point needs surv(*y of parasite's in crops growing in the vicinity of maize crop in 
future. 
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Abstract 

The paper / 2 ;ives results of the collection of aquatic IToteroptorn made during last two 
years with brief notes on tlieir habitats. 

Over forty sj:»oeies belonging to ('leven families are recorded and some are now records 
from this area. 

Relative a])uridanee of ea(ih group is (lotermincd and atli^mpts are made to correlate 
tile tliietiiat ions with the elimatir? conditions. 

7'*ei‘haps tlio most striking result of this study has b(‘en tlie demonst rat ion tliat it is possible 
to define the habitats and climatic conditions whicli are favourable and characteristic to each 
group. 


Introduction 

The aquatic Hoteroptera of Poona and adjoining areas have not been regularly 
studied in the past and no published acjcoiint of their variety, seasonal abundance 
and their periodicity is available except a few notes of Annandale (1919) and Paiva 
(1919). The present paper gives results of rny s])are time collection of aquatic 
bugs witli bri(T notes on their habitats. Regular collections are made at least 
four dav\s in a week from various tanks, ponds, pools, streams, canals and the rivers. 
Moreover, a montlily record of cliemienl annlysis of water collected from the same 
place, together with the meteorological data is maintained to correlate, at a later 
date, fluctuations in the populations of aquatic Heteroptera v ith the physical and 
chemical conditions of their environment. 

Althougl) some work has been carried out on the systematics of Heteroptera, 
our knowledge of the biology of the group is extremely limited (Miller 19/S6). 
Aquatic Heteroptera are often preyed upon by fish (e.g. trout) and examino tion 
of stomach contents of several frcsli watfu* fishes has revealed the remains of Gerri- 
dae, Oorixidae and Pleidae. On the contrary, Belostomatidae and Notonectidae 
ore voracious feeders and attack small fish, immature bafTachians and molluscs. 
At a time when May-flies (Epherneroptera) emerge, it has been observed that the 
trout are fatter and better flavoured (Miall 1903). Thus it is understandable that 
insect fauna of a given aquatic area exerts not only a potential but a real influence 
on the fishes living in it. For a pisciculturist, therefore, the knowledge of insect 
life of his fisheries is of as great importance as that of vegetation or oxygen content 
of these waters. 


Review of Previous Studies 

Distant (1903, 1900, 1910) is one of the earliest who contributed immensely 
to our knowledge of Hemipteran fauna and he deals with several genera of aquatic 
Heteroptera. Annandale (1919) pioneered the study of ecology of aquatic insects 
and his contributions have stimulated other workers in our country, Hora (1930, 
1933) investigated the insect fauna of rapid stregims with special reference to their 
adaptations in such an environment. Pruthi (1939) recorded some insects from 
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a hot spring' in Kulu valloy and alno made a special investigotion of insect fauna 
of certain higlily srline ponds and tanks of the Punjab Salt Range. 

Ifulf’hinson ( found it nf^cessary to revise some of the types of Notoncctid 
and Corixid spcci^xs described earlicT. Hafiz and Mathai (]1)3»S) have listed some 
of Die a(piatie llcfuiptera from Hiliar. Haliz and Pradhan (1917) also provide 
notes on the collection of jujuatic Rhynchota from Orissa. Hafiz and Ribeiro 
(19.39) hav(* studied extensively the aquatic bugs of certain regions of Bihar State. 
Hutchinson (1919, 1911) has furnished a revision of Indian Corixidae, The Gerri- 
due are dealt with by Brown (1910). 

ToeodllAPJfRWL AND MeTEORO LOGICAL CONSIDERATIONS 

Th(‘ two small rivers, tlu' Mulla and the Mutha which are the tributaries of 
tli(‘ gr(‘at river IMiirne, run through llu' city of Poona and on whose confluence it 
is situated (Fig I ). It is in latitude' IS .31' X .and longitude 7.3' ol' R. ITie altitude 
of the plac e is Is, 70 feet nbove the sea level and in straight line about 03 miles from 



1 MWE 


a tank 
O Ponj) 

CAHAL 
RiVFR 
v/»TC«.cou«sr 


Text-fig. 1. 


Map of the part of Pbona st.owing location of stations at which regular 
collections were made. ^ 
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the west coast. The city is surrounded by uplands and hills. Owing to its position 
in the shadow behind the Western Chats, the climate of Poona is dry most of the 
year. On account of its elevation and dryness, Poona is cool during nights even 
in summer In contrast to the maritime climate experienced by other near stations 
on the west coast, Poona enjoys a continental climate characterised by large 
diurnal ranges of temperature. Figs. 2 and 3 give normals of temperature and 



Poona : Monthly climatic means for 1957. 

On loft, temperature (Centigrade); monthly mean 
maximum (•— — •) and minimum (■ ■) 

On right, humidity %; at 0830 1ST (X - - - - x ) and 
at 1730 1ST (O O)- 

Tbxt-fio. 2. 


humidity during the different months of the years 1957-58. Monthly average 
rainfall in mm. during the same period is given in Fig. 4. About 75 per cent of 
the annual rainfall in Poona occurs during the monsoon season, July being the 
wettest month. The thunderstorms usually proceed the hot season and render 
the air sultry. They are normally accompained by violent winds, sharp showers 
and hail. The year may be divided into three seasons, the cold season from Novem- 
ber to February, the hot season from March to May and the wet season from June 
to October. 
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The work was carried out on the following lines : (i) To collect the specimens 
from different habitats listed below in different seasons, (ii) To note the charac- 
teristics of (he habitat and some common insect associations and other incid(>ntal 
oViservations, (iii) 'I'o study the exact distribution and frequency of individual 
species, (iv) 'I'o study the seasonal ehariges in the composition of the insect fauna. 


9o7. 

8o7o 

6o;. 

5-7 

">7. 


l\)onu : ^loathly tiliniain ineariK for HJoS. 

On Ittft , t un' (Ctint rigratk'); iiioridily inonn 

niiixiinum (# •) und niininiuni ({■ H) 

On right, humidity %; tit 0830 IST ( x - - - - y) and 

at 1730 IST {© 0). 

Text-fig. 3. 



Each site was usually visited at least once a week and the data collected and 
entered in a log-book. 'I’his collcct'on includes practically all the species that were 
recorded by the early workers besides a fairly large number of species which may 
now be considered as new records from this area. 
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It may be mentioned here that each habitat was investigated by dredging with 
a net and explored as thoroughly as possible so that chances of defects in collecting 
are considerably reduced. 


^-00 



Monthly average rain-fall in mm. for 1957 ■■ 

and 1958 V/A 

Text-fig. 4, 


List of the Species and Habitat 

The following table is the list of the species collected during the last two 
years. The types of habitat are given in an abbreviated form and the average 
of maximum and minimum temperatures, relative humidity and rainfall for the 
peak month are also provided. 
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Abbreviations 

H — Stream; 

P — Pond; 

K — Tank; R — River; 

L -Pool; 

C— (’anal; 

T — Temporary water course; 

O — Rocky; 

M -Muddy; 

V — V'ogotation. 



Table I 


Avoragf' Max. & Min. Temp : 
H.JI. and Rainfall for the peak 
months 



Species 

Habitat — 

1957 

1958 


1 

2 

3 

4 


Crypt ororata 
(Jlydrocorisae) 


I Nopidoe 


1 

Ranatra rlonc/ata Fabr. 

S.P,C.R. 



2 

R, filifnrmia Fabr. 

O.V. 

28.2X’— 21.8“C 

24.5°C— 22.2°C 

3 

hercotr^'pliyfi ijuiculatus Fabr. 


86%~74% 

850/,— 78% 

4 

h. ruhrr fC.) 


91.0 mm. 

399.4 mm. 

5 

/., r/rteu/t Gik't 




0 

L. elon gains Mont. 





II Belostoinatidae 




7 

Spha(*rodema molest am Duf. 

P,K,C, 

30.3®C— 20.2®C 

29.9°(>— 14.4°C 

8 

iS", rusticnm F. 

o,v. 

80%— 64% 

83%--71‘% 




30.8 mm. 

30.9 mm. 

9 

Belostonm indicum Lep. & Sorv. 

R,S,T, 

32.6'^C— 12.8®C 

32.3^0—20.2*^0 

10 

Bclostoma ap. 

M,O.V. 

75%-~50% 

80%— 54% 




75.8 mm. 

74.0 mm. 


Ill Naucoridao 




11 

Nnncoris sordidns Dist. 

S.R,L, 

28.rC— 21.3°C 

28.3^0— 22.0®C 

12 

Hrliororis vtcii>ns Mont. 

P.O, 

87%— 79% 

89%— 81o/„ 

13 

H. hrrrirrps Mont. 

V. 

91 mm. 

134.5 mm. 

14 

//. indicus Spinn, 





rV Corixidae 




15 

Corixa hieroqlyphica Duf. 

D,C.T, 

30.3®C->20.2°C 

29. PC— 21. 3*^0 

16 

C. lima (Dixon) 

R,L,S, 

80%— 640/^ 

83%— 710/^ 

17 

Corixa Sp. 

M,(V) 

30.3 mm. 

30.9 mm. 

18 

Micronecta minthc Dist. 





V Notonoctidae 




19 

Notonccta glauca Linn. 

P.K,R,S, 

32.6°C-~12.8°C 

32.3°C— 20°C 

20 

Enithares templetoni Kirby 

o,v. 

75%— 600/^ 

80%— 64% 

21 

E. indica Fabr. 


75.8 mm. 

74 mm. 

22 

E. Inctea Paiva 




23 

Enithares ap. 




24 

sardea Schaff. 

p.k.r. 

30.3°0-20.2°C 

29.PC— 21.3°C 

25 

A. nirens Fabr. 

s,o.v. 

80<%~-64% 

83%— 71% 

26 

Anisops sp. 


30.8 mm. 

30.9 mm. 


VI Pleidae 
27 Plea pelopea Diet. 


C,T,S, 

R,V,M. 


28.2®C— 2L3®C 24.5®C— 22.4°C 

800/^^74% 85%— 78% 

77.5 mm. 399.4 mm. 
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Table I — Contd. 





Average Max. & Min. Temp : 
R.H. and Rainfall for the peak 


Species 

Habitat 

months 




1957 

1958 


1 

2 

3 

4 


Gymnocerata 

(Amphibiocorisao) 





VII Gorridaa 




28 

Oerris flmdoniyn F. 

G. arm-ata Spin. 


32.C"C— 12.8X' 

32.3X— 20.0°C 

29 

C,S,R. 

76%— 50% 

80%— 64% 

30 

G. sjyiiiolae L. & S. 

o.v. 

75.8 mm. 

74.0 mm. 

31 

Gerris sp. 




32 

Metrocoris stall Dolirn. 




33 

Onychotrechus rhexenor Kirk. 




34 

Ptilomera laticxiudata Harw. 





VIII Hydromotridao 




35 

o 

Hydroymtra inttata Stal. 

S.K.C, 

O.V 

28.2®C — 21.3X 

24.5X— .22.4X 

36 

Lemnometnt fluviorum Fabr. 

(Algao) 

8f>%— 74% 

8.5%— 780/o 

37 

Hydrometra sj). 


77.5 mm. 

399.4 mm. 


IX Hobridao 




38 

Hehrus hombay crisis Paiva 

PA.S.R, 

38.2X— 21.0X 

28.5'^'C— 21.7X 



V (Mossy) 

54%— 23% 

50%— 31% 

39 

Hebrus sp. 


53.6 mm. 

33.0 mm. 


X Voliidae 




40 

RhagoveHa nigricans (?) Burn. 

S,0,T,R, 

28.rC— 21.3°C 

28.3X-~22.0X 



O.V 

87%~70% 

89%— 81% 



(Algae) 

91.0 mm. 

134.5 mm. 


XI Pologonidae 




41 

Ochterus inarginatus 

S.R.C, 

30.3°C— 20.2'’C 

29.FC—21.3°C 


O.V. 

80%— 04o/„ 

83%— 71% 




30.8 mm. 

30.9 mm. 


Biological Observations 

Nejpidae : The species belonging to this family were collected from streams, 
ponds, permanent canals and shallow parts of the river. Both, Ranatra and 
Leccotrephes were found climbing and crawling on the various aquatic plants. The 
former were also found inhabiting the bottom and walls of the large tanks. The 
ova, characterised by their long respiratory processes, were collected from the 
stems of aquatic plants in which they were embedded. Both the genera showed 
their characteristic peak in July and August. They prey on insects, crustaceans 
such as Daphnids etc. and other Arthropods. The .phenomenon of catalepsy i.e. 
assuming a strange and rigid posture when disturbed or captured, has been observed 
in field as well as in the laboratory. 

Belostomatidae : Some of the largest Heteroptera belong to this family. The 
two genera differ to some extent in their habitats. Both prefer waters with 

7 
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abundant vegetation. The two species of Sphaerodema were regularly collected 
from pcjjids and tanks whereas Belostoma were collected from rivers and the perma- 
nent canals indicating that the latter prtTer slow-flowing waters. The representa- 
tives of this family shenved their (Tiaracteristic peak in September and October. 
iirloHfotna often tly in tlie nights from one canal or river to another and during 
flight were attracted tc) street lamps. Several specimens were collected near the 
mercury- vapour stn^et lights. In habits they are very voracious, feeding upon 
small iishes, immatun* batrachians and other insects. 

Nddf'oriihu : Tlie species belonging to this group were found in streams, 
pools and ponds all with rocky substratum. They seem to prefer w^aters with 
abundant (‘mergfuit luTbacious vegetation among which they were seen to move 
and come to the surface periodically to rejilenish their air supply. Often 
tliey were found to congn^gate among the aquatic plants. The representatives 
of this gr(uip show^ characteristic jieak in August and September. They are 
mostly fiK-daiious insects attiickini/ other small arthropods. 

( 'nri.riddr : 'This grou)) is perhajis more interesting than the other and one 
ot th(‘ chief charactcrisi ics of their habitat is the muddy substratum. They w^ere 
[»rcs(‘nt in v(‘ry largi* nuTrdx'rs in temporary ponds and canals where the water w^as 
turbid aiid muddy. 1 heir number was rna.Kimum during the rainy season parti- 
(‘ularly so during August and S( |>temb(*r. 0(H*asionally they were found in loose 
shoals. rht*\' ar(‘ mostly bottom dwidlers and are phytophagous, feeding on the 
organic oo/c, algae, diatoms and other vegetable matter. Some of the species, 
as shown in tin* above list, pndcr waters in which there is a flourishing v(*getation. 
l>r(MMling si'cms to tak<‘ place (‘ven in a most temporary pool or canal. It is now^ 
a common knowledge' that in c(‘rtain ])arts of Mi'xico the eggs of certain (x:)rixids 
ari^ used as tood. Incidentally the eggs also make good food for poultry and 
fishes. 


Nofoih rt 'uhic : ddi(‘ sp('cies belonging to this family w^ere collected from slow 
flowing canals. })onds, tanks and river.s. Usually they prefer relatively still waters. 
TIu* sp('ci(‘s of wvvv collected from places where vegetation was ample. 

Till' remaining specii's of were collected from similar localities but seem 

to prefer cl(*aner and ti'i'sh waters. The representatives of Notoneefa show' two 
peaks, one in summi'r (May) and the other in rainy season. The first peak is due 
to the large* number of neanidi's (*aptured in their various developmental stages. 
In their feeding habits they are rapacious, attacking fry of fishes, young batrachians 
and Crustacea. No other creatures should be confined wdth them as size is no 


deterenf and they can negotiate with almost any prey. Eggs are glued to aquatic 
plants and other floating obji'cts. 

IHi ulac : Somi' authors have included this group under Notonectidae. The 
main habitats ol pli idae are still waters of ponds, canals and river wdiere they live 
among aipiatic vegetation. They prefer clear and fresh waters. They w^ere always 
found in groiqis ot ten or fifteen. Often they were seen clinging to floating vegeta- 
tion.^ The group shows characteristic peak in August and September. 

rill' Gymnocerata are much more interesting than the Cryptocerata. Many 
of tlu'rn ari' transitional iorms and fluctuation in their number seems to depend 
largely on rains irrespective of the seasons. This is particularly true of Gerridae. 
As can be seen from Figs. 4, T) and 6, several scattered and occasional pre-monsoon 
and post -monsoon rains brought a large number of Gerridae with wings. This 
probably indicates that they were on their way to some permanent place and 
ad\ antage wc^s taken of these showers for their migration to fresh sites. 

Gvrndae : 1 he various species of this group were collected from small streams, 

pools and canals covered with Lenina, Mostly they occurred singly or in loose 
shoals. During the latter half of the rainy season several pairs were found in 
( opuht. Large number of eggs were collected from vafiety of aquatic plants 
(Tonapi, 1958). Gerridae mainly feed on dead and drowning insects. 
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Hydrometridae : The principal habitats of tliis group are margins of ponds, 
tanks and canals. The Hydrometridae frequent only calm waters covered by 
a thick layer of Sphagnum, They appear to subsist on dead prey. A few braohy- 
pterous specimens were also collected. They showed their characteristic peak 
during July and August. 

Hcbridae : The species representing Hebridae were usually collected during 
summer and especially when pre-monsoon rains visit this region. They occur 
mostly in loose shoals. When disturbed the specimens disperse only to assemble 
again. They prefer shady cool places and were collected from a variety of habitats, 
but always with abundant vegetation such as Sphagnum, Lenina etc. Occasionally 
Hebridae have also been collected from similar wet localities. 

Veliidae : The only species representing this group vas usually collected 
from slow flowing shallow canals. The habitat was devoid of any emergent 
herbacious vegetation. But the areas were covered with moss. The specimens 
were always in loose shoals of 20 to 30 individuals. Several specimens were found 
in Copula in field. The group shows its characteristic peak in August and September. 

Pelogonidae : The only species of Pelogonous was collected from the banks 
of small canals and margins of ponds and tanks. On several occasions the exuvae 
of the ncanides were seen floating in the fresh and clear water. 3 hey are active, 
predacious and semi-aquatic. Their peak period of relative abundance seems to 
be July, August and September. 



Tkxt-fio. 6. 


Relative abundance and peak periods of different groups of aquatic Heteroptora. 

1) Rajiatra elongata F. 2) Leccotrephes maculatus F. 

3) Sphaerodema moleatum Duf. 4) Beloatoma sp. 

6) Naucoria aordidua Dist. 6) Corixa hieroglyphica Duf. 

The present paper is mainly of a qualitative nature and aims at giving some 
nformation on the relative abundance of some groups of Heteroptera during the 
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different months of the year. For the sake of brevity, details of the daily reports, 
number of bpeeimcris collected and/or counted and the type of habitat in which 
each species occurs are not included in this paper. It is always difficult to evolve 
a suitable estimation technique to indicate the fluctuation in the insect population 
due to H(‘asonal differences alone. M^jrcover, errors in sampling procedures add 
to the difficultie.s. However, attempt has been made to establish the '‘normal 
abundan<fc'’ of each specic^s by using an average count of tliat species for a given 
period and a given quantity of water. Fluctuations above and below this “Norm’' 
are considered to be indicative of actual changes in the population. Not all species 
recorded ht^re have been subjected to such analysis. A re(jresentative of each 
family, collection (jf whicli is {)articularly thorough, has been select(*d and fluctua- 
tion in their number is shown in Figs, o and b. 



Text-fig. 6, 

Rohitivo abundanco and peak periods of different groups of aquatic Heteroptera. 
I) I^nitharc^ indica F. 2) Pica pelopca Dist. 

3) acrn\s fluviorum F. 4) Hydrometra sp. 

f)) Hebruit bombanyatusis Paiva. 6) Rhagovclia nigricmis Burn. 


FollowinK tabic (mimber 2) gives the list of the families and the peak months 
of their incidence. 
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Family Month 


Nepidao 

Ranatra 

Leccotrephes 

Bolostomatidao 

Sp/uierodefna 

BelofitoiYha 

Naucoridao 

Naucoris 

Heliocoris 

Corixidao 
Corixa 
Micro necia 

Notorioctidao 

Enithares 

Ani-sopa 

(Neanides) 

Ploidao 

Plea 

Qerridao 

Oerris 

Onychoirechua 

Hydrometridae 

Hydrometra 

Hebridao 

Hebrus 

Veliidae 

Rhagovelia 


July 

August 

Soptombor 

October 

August 

Soptombor 

August 

Soptomber 

Dot ober 

Soptombor 

April 

August/Soptembor 

October 

Soptombor 

July 

April 

August 


So far as the region under consideration is concerned, it may be inferred from 
the above information that the various groups of aquatic Heteroptera require 
specific climatic conditions during which they show their peak number. Thus, 
Nepidae require below average temperatures, narrow range of relative humidity 
and average rainfall. Belostomatidae prefer above average temperatures, a 
very wide range of relative humidity and below average rainfall. Naucoridae 
require below average temperature, narrow range of relative humidity and above 
average rainfall. Corixidae also require below average temperatures but a wide 
range of relative humidity and average rainhill. Notonectidae require above 
average temperatures, wide range of relative humidity and average rainfall. Aniso- 
pinae, although belonging to the same group, show preference to lower tempera- 
tures. Pleidac show their peak during periods when temperatures are below average, 
range of relative humidity is very narrow and rainfall above average. Gerridae 
show their peak when the temperatures are above average, relative humidity has 
a wide range and rainfall is average. Hydrometridae require below average tem- 
perature, narrow range of relative humidity and above average rainfall. On the 
other hand Hebridae are abundant when the temperatures are above average, 
range of relative humidity is wide and rainfall below average. Veliidae show 
their peak when temperatures are average, range of relative humidity is narrow 
and rainfall average. Pelogonidae also require average temperature, narrow 
range of relative humidity and average rainfall.* 

It may be inferred from Figs. 5, 6 and Tables 1 and 2 together with the data 
in the log-book that the biological year can roughly be divided into four periods 


♦Bi-annual average of temperature ilO®C, of B.H. db 30 % and of rainfall i 30 mm. 
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according to variation in collection. The rainy season i.e. July to September seems 
to be the most favourable months of the year for Amphibiocorisae as well as H;wdro- 
corisae and a large number of these* groups appear at frequent intervals. From 
October there is a decrease in their number and variety as only transitional forms 
occur in fluctuating rninibers. And during winter months i.e. December, January 
and February the collection is both pof)r in quality as well as quantity. However, 
during summer i.e. March, April and May although there is an a] preeiable decrease 
in their number several grou[)s such as Hebiidae (Amphibiocorisae) and — Notonee- 
tidac^ (Hydrocorisae) an* aveJlahle in asccuiding num])er.s. 

Not withstanding th(‘S(* divisions, any favourable change in the climatic 
(‘onditioriH brings suddi^nly a large number of variety of lleteroptera. As can be 
He(*n from the rainfall data of Jbo(S coTupannl with lliat of I9r>7 duiing relatively 
cold(‘r months, viz. January, February and March, scatt(*r('d and occasional 
rains brought a larg(* number of Het(*roptera wIutc theie were none. A list of the 
nuTnbf*r of sy)ecies (*olli*ct(*d during that })eriod shows that factors such as rainfall, 
relative humidity aiid ternpc'rat ure, (‘Ic., have an augmentative (‘ffeet on the 
fluctuat ions in the Heteroptoran [) 0 |>ulat itui. It is hoped that continuation of this 
study for longer yxuiod in duration and int(*nsity will shed furtlier light ou 
th(' factors tliat afTect the lletcropteran population. 
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Abstract 

Tho paper gives an account of prothalli in two species of Nephrolepis, N. exaltata. Schott, 
and N. acuta Pr(\sl obtainetl in nature and of tliose grown in cultures. These prothalli conform 
to hermaphrodites cordate ty[)o of prothallus common in many Davulloid ferns. They are 
2-lol)ed but tlio lobes ar (3 not very broad or truncate. They form imtheridiophore^s as in 
Stenoefd loia and have iiairs. ria\y are easily propagated vegetat ively by gemmae arising from 
any marginal cell of the prothallus. Scalariform tracheids were seen in the region of cushion 
in the prothalli of N. cxaltaLa but not in those of N, acuta. 


Introduction 

The Davalloid genus N vphrolepis consists of tliirty species, of which eight 
occur in India. P>latler and d’ Almeida (1922) mention six species as occurring 
in llie Bombay State, of whicli A. exaltaia and its several varieties are often cultivated. 
These differ cpiite a lot in their genetic constitution (Conley, 1945). An account 
of sporogenesis in this species has been given by Mahabale and Gorji (1951), and 
its Anatomy has betni described by Base (19H2). The genus has attracted a number 
of workers*: Init to the best of our knowledge, germination of spores and prothalli 
in many species of this g(mus are not known, d'he structure of adult prothallus 
in an unknown species of the genus has been given by Smith (1955), and recently 
an account of the germination of spores and prothalli in a facultatively epiphytic 
sp(H‘ies, A. paucifrondom d’Alm., has been given by Mahabale and Javalgekar 
(1959). The present paper gives an account of prothalli in two common species of 
Nephroid]^ is, A. exullata Schott, and A. acuta Presl which are quite common in 
Indian gardens. 


Material and Methods 

vSome plants of A. exoMaUi were found growing wild in the crevices of rocks on 
a hill, called Raoli Hill, in Bombay Island at an altitude of about 200' above the 
sea level by one of us (T.S.M.) who also found there prothalli growing wild in 
December, 1948. These were collected and studied. Mature spores of the same 
species were collected from wild as well as cultivated plants in March, 1949, 
and were sown on culture media such as Knop’s solution, potato-agar, etc. They 
germinated readily and formed prothalli in about 50 days. 

Sporelings and mature prothalli were fixed in Navaschin’s fluid, stained with 
Delafield’s haematoxylin and mounted as a whole in Canada balsam (PI. XIII, 
Fig. 2). 

GERMINATION OF SPORES AND PROTHALLI 

(A) A. exaltata Schott. — Mature spores in this^ species are spherical or semi- 
lunar, 70-75/^ X 90-95/^. They are brown in colour, with thin endosporium and 


* For previous literature see Mahabale and Javalgekar, (1959). 
VOL. 25, B, No. 6. 
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thick exonporium Btudded with small warts (Fig. 1). They become large by intake 
of water and show" signs of germination after 60-68 hours (Figs. 2-4). Large, yellow^ 
oil-gloliules dt'velof) in them during this period and an opening is formed at the 
iri- radiate mark aft it about 4 days. The germ- tube comes out of it and many 
chloroplasts d(*velop in it. 44iey line the veM wall inside (Fig. 5). The first division 
is transverse* s(*parating a large, basal cell from an elongated upper cell. The first 
rhizoid is without chloroplasts, and generally comes out of the basal cell, the upper 
gre(‘n ccrll giving rise tf) prothallial cells (Fig. 6). They, however, were seen to 
have heeii formed in other ways as shown in Figs. 9-10. 

'the prothalial cell divided transversely to form a 4-18~eelled uniseriate fila- 
ment (Figs. 7, S and 14). Branching is common at this stage (Fig. 9), all divisions so 
far in a yo!ing filanurit being transverse. A few hmgitudinal divisions, however, 
may lx* s(‘cn in the penultimate <r41. l\vo oI>lir|Ue walls in the terminal cell establish 
a rneristernat ic cell. As the divisions in meristem take place a spatula-shapc^d 
prothallus is forincd in about lo days (Fig. lo). Its further growth is rather slow' 
and prothalli mat m‘(^ in bO days. 

An adult prothallus of tliis species is large, green, heart-shaped and 0.3 cm. X 
0.5 cm. (Fig, 17 and IM. XIII, Fig. *>). It has a large, raised cushion on the ventral 
side, ft is 4 -6-cel led thick in the region of cushion and one-celled elsewhere. 
Its c(*11s arc‘ ])olygonal and arc* linc*d by numerous chloroplasts. Filiform, 
unicc'llular. glandular hairs oc(*ur all over the prothallus (Figs. 11, 16-17 : h). The 
notch is d(‘(‘p ;(.nd 1-7 m(‘rist(‘mati(! cells lie in it (Fig. 17). 

'the* protliallus is hc‘rma])hr()diie in wild sUite ; but in (‘ulture material a few 
prothalli Ix'aring only a^itfic'ridia were always seen. Possibly there is protandry 
in the sp(*ci(‘s. The* ant h(*ridia-bearing prothalli are small, spatulate or irregular 
in shape* and ameristic. In typical hermaphrodite prothallus antheridia appear 
first antc‘ro-j>osteriorly and lie on the pcxst/crior part of the cushion at maturity. 
TlH*y continue* to be formed even after the arcthegonia have b(*en formed and maturcxl. 
A mature anthc'ridium is large and sphc*rical. Tt is raised on a one-celled stalk 
and consists of two ring cells, and a cap cell (Fig. 29). It has 32 spermatocytes. 
Spermatozoids have I^ coils each and they (*ome out of the opening formed by 
the overthrow' of c'ap c(‘ll. Their development was normal (Figs. 24-29). 

Many archc'gonia are formed and lie on the anterior part of the cushion at 
maturity (Fig. 17). Archegonia are long and turned obliquely towards the posterior 
end. Their necks are 4-6-celled in each row" (Figs. 17 and 23). 

Abnormal prothalli . — Many abnormal prothalli w"ere seen in this species, 
commonest amongst them being branched prothalli. In some of the branched 
prothalli marginal cells developed short, uniseriate branches, which produced an 
antheridium terminally, the whole structure . resembling an antheridiophore 
(Figs. II and 12). 


Explanation of Text-fig. 1. 

Fkls. ^'( phrolepis fxaltata Sohott. Gormination of spores, prothalli and develop- 

ment of reproductive orgnns. Fi^?. 1. A spore X210. Figs. 2-5. Early stages in tho develop- 
ment of prothallus (Fig. 2x210; Figs. 3-4 X 1(?5; Fig. 5x 12f>). Figs. 6-10 and 14. Later stages 
in the dovelo})meiit of ])rotliallus (Fig. 6x165; Figs. 7-8x70; Figs. 9-10x126; Fig. 14x70) 
Fig. 11. A part of Fig. 12 magnified to show the structure of an antheridiophore : a 7 it — antheri- 
diopliore; /r-~glandular hair x 165. Fig. 12. A prothallus with anthoridiophoros : ant — antheri- 
diopliores; an antlieridia x 8. Fig. 13. An abnormal prothallus showing tracheids in tho 
cushion : /r—tracheids x 8. Fig. 15. A spatulate prothallus X 70. Fig. 16. A glandular 
hair h magnihed X 420. Fig. 17. A ty])ical adult prothallus: an — antheridia; ar — arche- 
gonia; A— glandular hair x70. Figs. 18-19. Parts of Fig. 13 magnified to show details of 
traclioids : tr — tracheids x210. Figs. 20-23. Development of arohegonium X 210. Figs. 24-29. 
Development of antheridium x210. 
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In some of the older prothalli tracheids were seen to have been developed both 
in the anterior and posterior part of the cushion (PI. XIII Fig. 1 — tr and Text-Fig. 
I : 13, IS and H) : /r-tracheids). 

Vegetative propagation and regeneration of older prothalli by the formation 
of now prothalli from any single eelJ of the margin of the prothalliis was not un- 
common. In such f)r(jthalli, any one of it.s cells functioned as a gemma and gave 
rise to prothalliis and later developed reproductive organs. Prothalli with irregular 
shapes were (|uite common as .shown in PI. XIII, P"ig. 2, upper row. 

Devdopf/h'jit (tf re productive, organs ;. — Antlieridia and archegonia develop as 
in other Polypodiaccous ferns (Figs. 20-29). Tl'he second ring cell in an antheridium, 
however, is soinetiimvs Hup])ressed, a mature antheridium having had only one 
ring cell (Figs. 11 and 2M). A mature archegoniurn has long neck of 4-6 ceils in 
each of the four rows, a binucleate neck canal cell, a venter canal cell and an egg 
(Fig. ^23). 

iSj)orophytes d(‘Vi‘lof) normally and have first two or three leaves simple : later 
ones are pinnati -partite. lUit in all cases their veins were dichotomising (PI. XIII, 
Fig. 3 : .s/^-sporophyte). 

Prothai.li under Natural Conditions 

The prothalli found wild under natural conditions at Raoli Hill are large, 0.7 cm. 
to 0.9 cm. long, dark grecai in colour, and hermaphrodite, d'hey had a massive 
cushion 7-12 cells thick. Tracheids were found to have been developed in them also. 



Text-fio, 2. 


A Presl. Gormination of spores and prothalli. Fig. 30 . 

.t.g^ i„ rfj VT.SIi 



Ja\ Ar,(iKKAI{ AND .\rAHAB\LK. 


[Voc. Xat. Inst. S. i. India, Vol. 25, B, Plate Xfll 



y cpJirolt ijfs fsdltdiii Srliott. A part of prothallial rusliion witli Trachri(l> — tr • 42<>. 

Abnormal prothalli of Xcpi>roh pis fyaltatn Schott. I upper rowj anrl A’. <icutn. Pre.^l (lower row) 
XcpJtrolf]fis fxaltdta Schott. Atliilt ]>rotlial]i ; sporophytf‘ • 3 . 




ANB PBOTHALLI IN TWO SPECIES OP NBPRROLEPia, X, EXALTaTA SOHETT 

Glandular hairs were also present in these prothalli similar to those on the prothalli 
grown in cultures, showing thereby, that they are characteristic of th€ gametophytes 
of Nephrolepis. No small male prothalli were found under natural conditions. 

(B) N, acuta I^esl — The spores in this species vary very much in size and 
shape, the largest among them being 120/4, almost double the size of the smallest, 
70//. The large ones arc spherical and the smaller ones semilunar (Figs. 31 and 30). 
Size and shapes intermediate between these two were also found. Each spore 
has a dark brown body, small warts and a triradiate mark (Fig. 30). 

The spores germinate slowly, develop oil globules in 76 hours, and the germ 
tubes came out of the pore at the triradiate mark (Figs. 30-36). The first division 
is transverse, relationship of the first rhizoid to the prothallial cell being the 
same as in iV. exaliaia. The second and subsequent divisions are transverse and 
form a 6-7-eelled uniseriate filament in 20 days (Figs. 36, 37 and 39). Two oblique- 
walls in the terminal cell are cut off and form the growing point (Fig. 40). A spatu- 
late prothallus is formed in 32 days (Fig, 41). It matured in 50-60 days. 

Mature prothallus in this species is smaller than that in N, exaltata, being 
0.4 cm. X 0.6 cm. It is green, heart-shaped, with a shallow notch, and is covered 
by glandular hairs found all over its surface (Fig. 38). 4-6- celled thick cushion is 

small and has numerous rhizoids. Prothalli were mostly hermaphrodite (Fig. 38). 
But in this species male prothalli were found sometimes. Many antheridia are 
found on a prothallus. Archegonia are formed later. They are restricted to its 
anterior part. Antheridiophores occurred here also but were not very conspicuous 
in this species. A mature antheridium has two ring cells, a cap cell and 32 sperma- 
tocytes. Archegonia have longer necks, there being 7-8 cells in each of the four 
rows of the neck cells. No tracheids were noticed in the prothalli of this species ; 
but branching of filaments, vegetative propagation, regeneration by gemma-like 
celh], formation of antheridiophores, irregularly shaped prothalli were not infre- 
quent (Ph XIII, Fig. 2, lower row). 

Summary and Conclusions 

Germination of spores and prothalli were studied in two common species of 
Nephrolapis, N. exaltafa Schott, and N. acuta Presl, Spores germinated readily 
and formed adult prothalli in 50 days in A. exaltata and in 70 days in A. acuta. 
Adult prothalli of A, exaltata are large, massive and deeply notched as compared to 
those in A. acuta. Branching of young, filamentous sporelings, vegetative 
propagation, regeneration by gemma-like bodies, formation of small male prothalli 
were common to both. 

Antheridiophores were similar to those in Stenochldena described by Stokey 
(1951) and were seen in both the species. Tracheids were noticed in the anterior 
and posterior part of the cushion in some prothalli of A. exaltata (PI. XIII, Fig. 1), 
but not in A. acuta. Similar tracheids have been reported in the prothalli of Aneimia^ 
Adiantum and Lomaria. Development of reproductive organs and young sporo- 
phytes appeared to be normal. In general it may be said that the prothalli in 
these two species conform to harmaphrodite, cordate type of prothallus, noticeable 
in many other Davalloid ferns. The lobes here, however, are not so broad as those 
in the prothallus of an unknown species illustrated by Smith (1955, p. 353). For- 
mation of antheridiophores, gemma-like cells, tracheids in the prothalli in the region 
of cushion are novel features of this genus which have not been previously recorded. 
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